ELMER A. JONES 


FIRST PRESIDENT 


SOCIETY OF MINING ENGINEERS OF AIME 


-| 
F 
k 
4 
ee 
q 
: 


The multiple cyclone unit, used in 

this oil drilling operation for removing 

sand and abrasive solids from drilling 

muds, makes possible 20% faster drilling, 
increased bit footage, 25% longer runs, 

reduced mud pump maintenance and many other 


cost-saving advantages. A vital factor in the economy of this operation is the 


Wilfley Sand Pump which provides: maintained high efficiency; continuous, trouble-free 


operation without attention; simple and speedy replacement of long-wearing parts. 


Another example of Wilfley's contribution to lower operating costs throughout industry. 


Sand Pump. 
Companions in Economical Operation” Individual Engineering on Every Application. Write, wire or phone for complete details. 
Milley Acid put” 


A. R. WILFLEY and SONS, INC. 


DENVER, COLORADO, U.S.A. NEW YORK OF FICE: 122 BAST ST.. NEW YORK CIiTy 


PUMPS | 
4 
: t 3 
4 
{ 


EDITORIAL STAFF 

Editorial Director: 

Rixford A. Beals 

Associate Editor: Donald Tone 


Assistant Editors: M. E. Sherman, 
H. Nielsen, H. Witzling 
Production Editor: M. Snedeker 


Eastern Advertising Manager: 
Thomas G. Orme 
29 W. 39th St., New York 


Mid-Western Advertising Manager: 
Bob Wilson 
Millard Ave., Fox River Grove, Ill. 


Western Advertising Representatives: 
McDonald-Thompson 
625 Market St. 
San Francisco 5, Calif. 


Production Manager: Grace Pugsley 
Asst. Prod. Manager: W. J. Sewing 


AIME OFFICERS 


President: Grover J. Holt 
Past-President: C. E. Reistle, Jr. 
President-Elect: A. B. Kinzel 
Vice-Presidents: E. C. Babson, 
W. A. Dean, L. E. Elkins, 

J. L. Gillson, W. W. Mein, Jr., 
Roger V. Pierce 

Treasurer: C. R. Dodson 
Secretary: Ernest Kirkendall 


SOCIETY OF MINING ENGINEERS 
President: Elmer A. Jones 
Secretary: Arnold Buzzalini 


AIME STAFF 


Asst. Secretaries: J. B. Alford, 
H. N. Appleton, E. J. Kennedy, Jr. 


Field Secretary & Asst. Secretary: 


R. E. O’Brien, 707 Newhouse Bldg. 
Salt Lake City 1, Utah 


Asst. Treasurer: P. J. Apol 

Divisional Publications Committee 
Chairmen: J. M. Ehrhorn, Mining; 

S. F. Ravitz, Minerals Beneficiation; 
Sheldon Wimpfen, Coal; D. R. Irving, 
Industrial Minerals; H. R. Gault, 
Geology; H. M. Mooney, Geophysics 


The AIME also publishes Journal of 
Metals and Journal of Petroleum 
Technology 


Published monthly by the American Institute of 
Mining, Metallurgical, and Petroleum Engineers, Inc., 
29 West 39th St. New York 18, N.Y. Telephone 
PEnnsylvania 6-9220. Subscription $8 per year for 
non-AIME members in the U. S. G North, South, G 
Central America; $10 foreign; $6 for AIME members, 
or $4 additional in combination with a subscription to 
Journal of Metals” or “Journal of Petroleum Tech- 
nology” Single copies, $.75; single copies foreign, 
$1.00; special issues, $1.50. The AIME is not re- 
sponsible for any statement made or opinion ex- 
pressed in its publications. Copyright 1957 by the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc Registered cable address, 
AIME, New York. Indexed in Engineering Index, 
Industrial Arts Index, and by The National Research 
Bureau. Second class mail privileges authorized at 
New York, N Y_, and additional entry established 
at Manchester, N H Number of copies of this issue 


15,000 


engineering 


VOL. 9 NO. 3 MARCH 1957 


COVER 


A brief biography of Elmer A. Jones, First President of the Society of Mining Engineers 
of AIME, appears on page 329. Cover by Herb McClure. 


FEATURES 


Personnel 294 Drift 

Books 298 AIME News 

Manufacturers News 307 Personals 

Reporter Professional Services 

Mining News Coming Events 

Trends Advertisers Index 380 


Elmer A. Jones, 1957 President, Society of 
Mining Engineers of AIME 329 $ 


ARTICLES 
Sherritt Gordon Nickel Copper Mines A. E. Gallie 
Longhole Method of Mining Anthracite 

G. H. Lovell, W. J. Parton, and J. J. Crane 
Production of Elemental Phosphorus V.N. Antaki 
A Look at the Prospects of the Mining Engineer A. F. Peterson 


Ventilation and Air Conditioning at the Mc yma Mine Bruce Short 


TRANSACTIONS 


Filtration and Control of Moisture Content on 
Taconite Concentrates 
A. F. Henderson, C. F. Cornell, A. F. Dunyon, and D. A. Dahistrom 


Experiments in Induced Polarization 
J. H. Henkel and R. G. Van Nostrand 


Coking Properties of Pittsburgh District Coals 
F. W. Smith, D. A. Reynolds, and D. E. Wolfson 


MARCH 1957, MINING ENGINEERING—293 


ALKME) 
; 
334 
339 
342 


PERSONNEL 


T HE following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies. 
Local offices of the Personnel Service are at 
8 W. 40th St., New York 18; 100 Farnsworth 
Ave., Detroit; 57 Post St., San Francisco; 84 
E. Randolph St., Chicago 1. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli- 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 
year, 
——MEN AVAILABLE——— 


Geologist or Superintendent, B.A. 
in geology, 31. Five years experience 
surface and underground mining, ex- 
ploration, and development. Experi- 
ence includes mine geologist at large 
underground iron mine, exploration 
party chief, assistant manager small 
manganese open pit mine. Prefer 
South, East, or Midwest. M-306. 


Geologist, experience includes seis- 
mic surveys, drilling, surveying, and 
one year with major gas transmis- 
sion company. Veteran, 25, married. 
Willing to relocate in U. S. or abroad. 
Desire responsible position with op- 
portunity for advancement. M-307. 


Geologist, evening student with 
B.S. in geology, City College, 27, 
married, veteran. Desires position in 
field of geology. One year diverse 
engineering experience. Free to 
travel when school has been com- 
pleted. Presently must locate in New 
York area. M-308. 


Mine Manager, graduate mining 
engineer; 20 years experience in 
varied mine operation and develop- 
ment. Experience includes trackless 
mining on large scale. Broad knowl- 
edge of labor negotiation, plant con- 
struction, and cost control. M-309. 


—— POSITIONS OPEN——— 


Exploration Geologists or Mining 
Geologists, 25 to 45, from no experi- 
ence to assistant project manager. 
a) Assistant Project Manager, with 8 
to 15 years experience, to organize, 
plan, and direct a major exploration 
project. b) Project Engineer or Geol- 
ogist, with 7 to 15 years practical 
experience in exploration. c) Senior 
Engineer, Exploration, with 5 to 12 
years experience in exploration and 
development. d) Engineering Explo- 
ration, with two to three years ex- 
perience in survey, geological, and/ 
or topo maps, tonnage, and grade es- 
timates. e) Office Manager, Explora- 
tion, to be responsible for account- 
ing, purchasing, and related func- 
tions. g) Chief Chemist, with five to 
seven years experience, to construct, 
establish, and supervise the opera- 
tion of an analytical laboratory of 
bauxite samples in the field. Sal- 
aries, $7,500 to $15,000 a year. Should 
speak Spanish or Portuguese. Loca- 
tions, South and Central America. 
F4578. 


Exploration Geologist, required by 
well established company in United 
States for exploration program in 
Liberia. Alluvia and foreign expe- 
rience desirable. Salary, open de- 
pending upon experience. F4567. 


Chief Mining Engineer, engineer- 
ing graduate, with at least five years 
supervisory experience covering open 
pit operations for iron ore project. 
Salary, $7200 a year, plus car and 
bonus. Location, South. W4561. 


MINE SUPERINTENDENT (ASST.) for 
Cuben underground and open-pit nickel 
source. Mining Engineer with appropri- 
ate experience (minimum 5 yrs.) re- 
quired. Benefits inciude liberal vacation 
. low taxes .. . low rent .. . paid 
moving expenses . « Company-spon- 
sored grade school . . . modern medical 
facilities. 
Submit resume indicating salary require- 
ments to: 


Manager 
NICKEL PROCESSING 
CORPORATION 


111 Broadway, New York 6, N. Y. 


POSITION ON ASSIGNMENT SOUGHT 
—MINING MAN FOURTEEN YEARS 
EXPERIENCE, RECENTLY FOUR YEARS 
OF JUNGLE AREA ASSIGNMENTS IN 
GREEN HILL OF SOUTH AMERICA: 
ABLE TO UNDERTAKE GEOLOGY (UN- 
SPECIALIZED), SURVEYING, ETC. FLU- 
ENT IN PORTUGESE, KNOWLEDGE 
SPANISH. WRITE: R. LIGHTON, P. O. 
EMLEMBE, SWAZILAND, SOUTH AF- 
RICA—FOR IMMEDIATE INFORMA- 
TION—MISS J. LAURICELLA, 1241 
80TH ST., BROOKLYN, N. Y. 


ELECTRIC LOCOMOTIVE 


$. E. 50 ton 600-volt Double End Truck; 

Type truck Baldwin heavy i 
w ts G.E. C-28 con- 
trols; P-23 compressor; 
Westinghouse = canes type AMM. 
Good operating condition located Kan- 
sas City. Also large supply new spare 
replacement ports. 


BROWN-STRAUSS CORP. 
1546 Guinotte Kansas City, Mo 


ENGINEERING 
SOCIETIES 
PERSONNEL 
SERVICE, INC. 


For further details, see the 
top of the page. 


Geologists. a) Geologist, young, 
with field experience in uranium or 
petroleum. Salary, $6000 to $8000 a 
year. b) Senior Geologist, with at 
least five years exploration and de- 
velopment experience in uranium, 
gas, or oil. Salary, $10,000 to $12,000 
a year. Location, New Mexico. 
W4549. 


Engineers. a) Exploration Geolo- 
gist, young, with at least two years 
foreign experience in metal fields 
covering diamond drilling, trenching, 
geochemical, and geophysical pros- 
pecting. b) Mining Engineer, young, 
with production experience in un- 
derground gold or Au-Cu property. 
Salaries, $7200 to $8400 a year plus 
extras. Location, Philippines. F4529. 

Mining Engineer, young, for un- 
derground and surface work at gyp- 
sum property. Salary, $5000 to $6000 
a year. Location, New York State. 
W4488. 


Exploration Geologist, about 35, 
with at least five years supervisory 
experience in metal fields. Single 
status preferred; will consider man 
with wife only. Salary, $10,000 to 
$12,000 a year. Location, Caribbean 
area. F4476. 


Mine Tunnel Boss, with under- 
ground experience including the 
driving of drainage tunnels. Salary, 
$3900 a year plus bonus, room, and 
board for single man; $4800 a year, 
plus bonus, house, and utilities for 
married man. Location, Central 
America. F4475. 


Ore Dressing Metallurgist, to work 
on process development and control 
in a progressive mining operation. 
Liberal housing and employe bene- 
fits. Salary, commensurate with ex- 
perience. Location, East. W4493(a). 


Metallurgist, with about ten years 
experience in the field of ore dress- 
ing. Experience in the nonmetallic 
flotation field, and in particular 
phosphate rock, desired. Salary, 
open. Location, South. W4492. 


RESEARCH ENGINEER in ore dressing de- 
sired for laboratory research and plant 
control work. Experience with heavy media 
separation, cyclones, Humphrey spirals and 
magnetic separation desirable. Salary com- 
mensurate with experience. Location: North- 


ern Mi available. 

All replies treated confidential. Address: 
Ox 

29 West 39th St. New York 18 


POSITION WANTED 


Geologist, Univ. New Hampshire, 1952. 
No experience. Age 30, married, no 
children. Will accept foreign employ- 
ment. Desires chance to prove abilities 
and gain experience. 


John Withey 
19 Riveredge Road Lincoln Park, N. J. 


SCRAP TUNGSTEN CARBIDE 
ROCK BIT INSERTS 
are regularly purchased by Macro Tung- 
sten Refinery. For our quotation F.0.B. 
shipping point, write P.O. Drawer 440, 
Port Coquitiom, B.C., Canade. 
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110 TPH PER SECTION | 
UNITS ON EACH) 
overriow 34% sous 


closed-circuit classification 


to 88% —200 mesh at 34% 
solids with Krebs Cyclones 


Calaveras Cement Company, the largest mine ever to operate in 
California’s historic Mother Lode, makes another major contribu- 
tion to milling technology. In 1956, capacity per section at Cala- 
veras was stepped up from 80 to 110 tons per hour. This called for 
better classification. Krebs Cyclones, model D20B, especially fitted 
to meet the objectives were installed. Tramp sizes in the final product 
are only a trace on 100 mesh even with high density at 34% solids 
compared to a previously fluctuating 11 to 16% solids. Only 26% as 
much water is required. Kwh per ton for classification and pumping 
to the thickeners has dropped 38%. Pressure requirement at cyclone 
inlet is 11 psi. Krebs Cyclone operation is simple; grind-out time on 
shutdown is eliminated. Maintenance after a year has been negligible. 


EQUIPMENT ENGINEERS 
SAN FRANCISCO 4, CALIFORNIA 


41 SUTTER STREET 
Manufacturers of Krebs Cyclones, Vaives and Clarkson Feeders 
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BUTYL INSULATION MEANS LONGER LIFE 


RUGGED BUTYL INSULATION plus neoprene jacketing gives this ANAcoNDA Mine Power Cable long life under 
rugged conditions: 60-ft. drop over rocky cliff, unprotected from sun or weather in northern open-pit mine. 


This Cable is as tough as the terrain looks! 


Experience shows that in high-voltage mine power 
cable, the insulation must provide not only good ozone 
resistance but mechanical strength as well. 

The unusual tensile strength and inherent ozone re- 
sistance of Anaconda’s butyl insulation means the 
strongest, sturdiest mine power cable ever offered you. 

In addition, this insulation resists heat, moisture and 


has high dielectric strength. Over the insulation is a 


sce voor ANACONDA 


DISTRIBUTOR FOR MINE POWER CABLE 


tough, abrasion-resistant neoprene jacket—engineered 
from years of testing in our own mines. 

NEW ENGINEERING BULLETIN EB-27 has full details on per- 
formance of Anaconda butyl insulation in 15 Industry 
Specification tests. Ask the Man from Anaconda for 
your copy as well as more information about ANna- 
conpa Mine Power Cable. Or write: Anaconda Wire 
& Cable Company, 25 Broadway, New York 4, N. Y. 
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MINERS USE EIMCOS 


WHERE PROFIT DEPENDS 
ON HIGH PRODUCTION 


At exploration projects . . . and mucking low- 
grade ore where profit is realized only when high 
tonnage quotas are met — the Eimco 630 Crawler- 
Excavator is expanding production opportunities. 

Increased demand for the versatile 630 by firms 
who previously were stymied in exploration and de- 
velopment projects because of tonnage requirements 
. - « is proof that Eimcos are helping to solve this 
production problem. 

The 630 also is helping to recover large, low-grade 
ore bodies through exploration of deeper horizons. 
Areas that other underground development hasn’‘t 
touched during years of continuous mining activity, 
are now worked profitably. 

One important phase of these expansions is tough 
shaft sinking jobs. Often, occurrence of water adds to 
the already severe service conditions under which 
equipment must perform. 

But as one superintendent put it, “We haven't had 
trouble digging the last feet of any wet shaft round 
with the Eimco and it really takes punishment.” 


Working in a 26 foot diameter shaft with mine-rail concrete lining 
... this Eimco 630 Crawler-Excavator is saving labor and maintenance 
costs while providing high tonnage production. Independent track 
maneuverability, operating ease and powerful, fast digging-loading 
ability makes the Eimco ideal for this application. 


This is possible because the 6,000 Ib. digging 
effort at the bucket lip gives the 630 tremendous 
crowding and digging power . . . enough to fill the 
big, half-yard bucket in any muck pile. And rugged 
construction with all vital parts protected against 
moisture and foreign material — insures long, on- 
the-job service. 

In any underground excavating job . . . the stand- 
ard Eimco 630 will permit you to increase your earning 
potential without addition of specialized machinery. 
Write today for full information! 


THE EIMCO CORPORATION ofa 
Salt Lake City, Utah—U.S.A. © Export Offices: Eimco Bidg., 52 South St., New York City 


Houston, Tex. 


New York, N.Y. Chicago, ill. Sen Francisco, Calif. Ei Paso, Tex. Birmingham, Ale. Duluth, Minn. Kellogg, ide. Pittsburgh, Pe. Seattle, Wash. 
Cleveland, Ohie London. England 


Gateshead. England 


Poris, France Milan, Johannesburg. South Africa 
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SUPERSET 


@ Mining contractors, ore prospectors, coal operators and con- 
struction firms are realizing tremendous savings by taking advan- 
tage of our exclusive fabrication service! Contractors send us the 
necessary diamond stones from their own stocks—we hand set them 
in a super-hard tungsten carbide crown and braze to the threaded 
steel blank. Hand-set bits assure the proper positioning of each 
diamond stone to achieve maximum cutting efficiency. The carbide 
matrix holds the diamond stones until entirely used up. These ad- 
vantages mean lower drilling costs to you. We can also supply 
complete core bits or salvage the stones from used bits at nominal 
cost. Supplied in standard sizes EX, EXE, AX, BX, NX, etc. 


Metal Carbides Corporation 
Youngstown 7, Ohio 


3 BIG ADVANTAGES... 
i. EXTRA STRONG 


2. SUPER HARD 
3. SHOCK RESISTANT 


@ A complete line of low- 
~ cost, high-quality Talide Tips 
is offered fabricators and 

users for tipping machine bits, 
rock bits, drill bits, roof bits and 
° open-pit bits. All Talide Tips 
7 have a special surface finish 
that facilitates brazing. Non- 
standard shapes and sizes 

quoted on request. 


OVER 25 TEARS EXPERIENCE IN TUNGSTEN CARBIDE METALLURGY 


ORDER THE FOLLOWING 
BOOKS THROUGH AIME— 
Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


World’s Non-Ferrous Smelters and 
Refineries, ed. by H. G. Cordero, 
Quin Press Ltd., 423 pp., $5.70, 1954. 
—This is the completely revised 
edition of a reference guide to the 
nonferrous smelting and refining 
plants of 55 countries. Approxi- 
mately 650 companies are listed al- 
phabetically within national and 
continental subdivisions, with spe- 
cial sections devoted to Russian 
undertakings and projected plants. 


Surveying, by A. R. Legault, H. M. 
McMaster, and R. R. Marlette, Pren- 
tice-Hall Inc., 417 pp., $6.75, 1956.— 
Subtitled An Introduction to Engi- 
neering Measurements, this book 
presents the development, theory, 
and application of all the essential 
surveying techniques. 


Coal-Mining, by I. C. F. Statham, 
Philosophical Library Inc., 557 pp., 
$15.00, 1956.—This is a general de- 
scription of the scope and signifi- 
cance of the coal mining industry in 
Britain, past and present, aimed par- 
ticularly at the layman and the min- 
ing novice. 


Petrographical Modal Analysis, by 
Felix Chayes, John Wiley & Sons 
Inc., 109 pp., $5.50, 1956.—This is an 
elementary statistical appraisal in- 
tended to provide the student of pe- 
trology with the basis and techniques 
for determining the quantitative 
modal composition of rocks. 


Industrial Engineering Handbook, 
ed. by H. B. Maynard, McGraw-Hill 
Book Co. Inc., 1504 pp., $17.50, 1956.— 
This is an illustrated reference and 
guide for the practicing engineer 
and business manager on the prin- 
ciples, data, methods, and pro- 
cedures of the whole field of indus- 
trial engineering. 


Please Order These Publications 
from the Publishers 


Timber Design and Construction 
Handbook, prepared by Timber En- 
gineering Co., F. W. Dodge Corp., 
119 W. 40th St., N.Y.C., 622 pp., 
$12.75, 1956.—This is a comprehen- 
sive design reference and field hand- 
book containing information on 
wood structures and research by 
timber scientists. It is arranged in 
sections on basic properties, design, 
and design standards. 


(Continued on page 377) 
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Installation of an Eimco Agidisc Filter was made by 
a large nickel producing firm after a competitive-make 
of disc-type filter could not handle a nickel ammonia 
leach residue at the required production level. 


ORDINARY DISC-TYPE 
940 sq. ft. of filter area in 10 discs. It was 
necessary to by-pass one-fourth of tonnage past 
the filter to maintain required production level. 
Processed 17 tons of concentrate per day (75% 
of tonnage required for profitable operation). 


75% production efficiency was achieved only 
through considerable manual assistance. Ex- 
cessive down time for filter tank cleaning. 


Poor cake discharge required manual assist- 
ance. Uneven cake formation. Severe classifi- 
cation rings on outer periphery of disc with 
thin, slimy cake near center. 


Capacity Was A Problem... . 


UNTIL THIS FIRM INSTALLED 


AN EIMCO AGIDISC FILTER 


PRODUCTION 
COMPARISON 


OPERATING 
EFFICIENCY 


PRODUCT 
EXCELLENCE 


Replacement of the 8’ 6” 10 disc filter with an 
8’ 10” 10 disc Eimco Agidisc resulted in these pro- 
duction efficiencies: 


EIMCO AGIDISC 
1040 sq. ft. of filter area in 10 discs. Effi- 
ciently handles the tonnage that formerly was 
by-passed. Processes 24 tons of concentrate per 
day. With an increase of 25% in filter area, 
the Eimco has boosted capacity by 40%. 


In achieving 100% production efficiency, 
Eimco uses efforts of one man part time. 
Maintenance and labor costs are much less. 


Efficient cake discharge without manual 
assistance. Ability of Agidisc to maintain uni- 
form particle suspension has resulted in even, 
dry cake formations. 


Outstanding success of the Eimco Agidisc Filter 
prompted this firm to convert five other disc filters 
into Agidiscs. They are convinced these installations 
are securing a ton of concentrate at the lowest cost per 


dollar of investment and maintenance. 


THE EIMCO CORPORATION 


Increasing the efficiency of your plant means 
greater returns. The Eimco Research and Development 
Center is staffed and equipped to help you solve your 
filtration problem whatever it may be. 


They'll be 


happy to assist youl 


SALT LAKE CITY, UTAH 


ot Export Offices: Eimce Building, 51-52 feuth Street, New Y. 
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KEEP COSTS DOWN with help like this .. 


TORQUE CONVERTER DRIVE ... matches power and speed to the 
job requirements automatically 


1,000-HOUR LUBRICATION INTERVALS... for truck wheels... eliminates 
daily greasing 


_—>=— ONE-PIECE STEERING CLUTCH AND FINAL DRIVE HOUSING ... 
insure perfect alignment, long life 


UNIT CONSTRUCTION . . . makes major service simple, fast 
ALL-STEEL BOX-A MAIN FRAME... provides full-strength protection 


All pioneered and proved by Allis-Chalmers . . . five of dozens of basic advantages that 
help hold costs down . . . handle more jobs . . . contribute to a profitable operation. Now is 
the time to have them working for you. Allis-Chalmers, Construction Machinery Division, 
Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS Engineering in Action 


‘ 


Bringing up core...with drill rods in the hole 


Longyear Wire Line equipment 
allows more drilling time per 
shift ...improves core recovery! 


Another core sample heading for 
the box and the crew about to go 
for more without pulling up the 
drill string. That’s drilling with 
Longyear Wire Line equipment! 

Drillers using the Longyear Wire 
Line Core Barrel lower an “over- 
shot”’ through the drill string to 
bring up the Inner Tube contain- 
ing core. Here’s what this can 
mean to your operation: 


1 The drill string normally re- 
mains in the hole except when 
it is necessary to replace the bit. 
This eliminates much of the 
hard labor of drilling and allows 
more actual drilling time per 
shift. 


Caving, the major cause of 
blocking and bit damage, is min- 
imized. There is little chance for 
caving while the drill string is in 
the hole—which is most of the 
time. 


3 Longyear Wire Line Core Bar- 
rels are equipped with the water 
shut-off valve. In closed circuit 
drilling (possible with Longyear 
transmission pumps), the shut- 
off valve gives an immediate, 
positive indication of a block in 
the core barrel, eliminating cost- 
ly “‘hunches”’ on the part of the 
drill runner. 

Wire Line experience includes hun- 

dreds of thousands of feet drilled 

in many kinds of formations. Re- 
ports consistently show lower costs 
per foot of core recovered. In one 
overseas operation, switching from 
conventional NX equipment to 

BX Wire Line increased footage 

from ten to forty-seven feet per 

shift. In most cases when drilling 
in ground that is difficult to core, 

Wire Line improves core recovery 

substantially. 

Looking ahead to your next 
drilling project, keep in mind that 
Longyear offers a complete line of 
Core Barrels and expert technical 
assistance in the selection of the 
right equipment for the formation 
you want to drill. 


Diamond Core Drill Manufacturers * Core Drilling Contractors ¢ Mining Engineering and Geological Consultants 


At end of core run, over- 
shot assembly is lowered 
by wire through drill 
string. 


At bottom drill string, 
overshot latches on to 
spear of inner tube. 


Core-bearing inner tube 
reaches the surface, is 
freed from overshot. 


Core is removed. Mecn- 
while, stond-by inner 
tube is dropped into the 
hole so drilling con be 
resumed as soon as it is 
in position, 


neoyear 


CABLE 


E. J. LONGYEAR CO. ioncco 


General Offices: Foshay Tower * Mpls. 2, Minn, 


CANADIAN LONGYEAR LTD., NORTH BAY, ONT, 
LONGYEAR ET CIE., PARIS, FRANCE 
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THE WORLD 1S OUR WORKSHOP 


Head-on view of a 4-boom jumbo. Note wide reach of the Gardner-Denver hydraulic booms. 


Build your own jumbo with 
GARDNER-DENVER COMPONENTS 


Tailor your truck, tractor or rail mounted jumbo with 
Gardner-Denver booms, feeds and drills. You get just 
what you need for each dollar invested. Gardner-Denver 
offers a wide selection in: 

@ HYDRAULIC BOOMS, completely automatic and re- 
motely controlled for mounting on your jumbo. 

@ Manufactured in two sizes and types (tunnel and 
rugged types), TRIPODS for mounting heavier drifter 
equipment with the longer chain feed. 

@ POWERFUL ROCK DRILLS in 3-, 314- and 4'%-inch 


sizes. Long chain or screw feed mountings. 

@ SECTIONAL DRILL RODS and couplings for long-hole 
drilling. Gardner-Denver Ring Seal Shank. 

@ REMOTE CONTROLS located at any point along the 
boom or on the jumbo chassis. With G-D Remote 
Controls, one operator moves booms into position 
and controls complete drilling operation without leav- 
ing his station. 

Gardner-Denver engineers will work with your staff and 

powderman to design your jumbo to the job. 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
Gardner-Denver Company, Export Division, 233 Broadway, New York 7, New York 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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: IN CALIFORNIA... AND THE WORLD OVER 
Bucyrus-Erie Electric Shovels Cut Costs 


Big-output capacity plus month-after-month dependability are advan- agit 


tages that enable Bucyrus-Erie electric shovels to help hold down costs. In O ~s 
busy iron mines everywhere, these machines are helping owners cut costs 
with such outstanding advantages as: 


1. Modern front-end design that combines light weight with great 
strength. 

2. Sturdy construction, from boom point to treads, that saves main- 
tenance and adds to life. 

3. Ward Leonard variable-voltage control which permits rapid ac- 
celeration and deceleration and assures plenty of cali torque and 
power when it's needed. 

Follow the lead of successful owners the world over — put a Bucyrus- 
Erie electric shovel to work keeping output high and costs low. You can 
choose from three models — the 4¥-yd. 110-B, the 6-yd. 150-B, and the 


BUCYRUS-ERIE COMPANY sourn muwauxst, wisconsin 


q where they start...in the pit | 
| 
RUs__ 
#4 LOTR p t 
| SHOVE 
: A Bucyrus-Erie 6-cu. yd. 150-B is shown here removing overburden in a California open pit iron mine. . 
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GEAR 


KENNEDY PRODUCTS 


@ Gyratory Crushers 

®@ Swing Jaw Crushers 

@ Tube Mills 

@ Ball & Rod Mills 

@ Vibrating Screens 

@ Rock Feeders 

e@ Air Swept Tube Mills 

@ Rotary Kilns 

® Coolers, Dryers 

@ Preheaters, Deheaters 

®@ Belts, Conveyors 

Pneumatic Transport Systems 
Waste Heat Boilers 

Pulverized Coal Firing Systems 
Steam Generators 

Asbestos Plants 

Complete Lime Plants 
Complete Cement Plants 
Complete Aggregate Processing Plants 


#42 KVS Primary Gearless Gyratory 
Crusher with cast steel frame. 


Kennedy cataract type AAA vibrat- 
ing screens. Availableinsingle, 
double, triple deck models. Heavy 
Duty Two-Bearing design simplifies 
installation andreduces maintenance. 


Send for bulletins tet KVS world-famous Machinery and Equipment. 


‘ 
fi 
: 
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Mining, Quarrying, Cement, Lime 
and Chemical concerns 
throughout the world, depend on 
Kennedy crushers to handle 
hard-to-crush rock and ore. 
Kennedy Gearless Crushers are 
built in the widest range of sizes 
and capacities in the world, 
featuring built-in synchronous 
motor or V-Belt drive, self-aligning 
eccentric, roller bearings carrying 
rotating parts, automatic 

pressure lubrication system. 


#61, type “S” KVS secondary Gear- 
less Gyratory Crusher, V-belt drive. 


Noted for their efficiency in crushing 
Limestone, Slag, Dolomite, Iron Ore, etc. 


MANUFACTURING & ENGINEERING CORPORATION 


WO PARK AVENUE, NEW YORK 16, N.Y. 


FACTORY, DANVILLE, PA. 
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Keeps on the go at 20 below 


Starting easily and slugging through frozen overburden 
at 20 below, or working in temperatures around the 
100-degree mark, this CAT* D8 Tractor stays on the 
job the year around at the Gay mine near Fort Hall, 
Idaho. Owned by J. R. Simplot Co., it works in abra- 
sive phosphate rock. The company ships a million tons 
of ore from here annually to be processed at fertilizer 
plants in Pocatello. 


The Caterpillar D8 Tractor was selected after it 
proved clearly superior to another make tractor in 
actual on-the-job tests. According to Ray Bowden, 
superintendent, the machine has given no trouble at 
all in 1750 hours of operation. The new D8 has impor- 
tant advances for longer work life and greater produc- 
tion at lower cost. Its entirely new, 191 HP Caterpillar 
Diesel Engine is teamed with a torque converter or 
with an exclusive oil clutch. New seven-roller track 
frame and “water-quench” hardened track shoes give 
added work life. Highly effective filters and seals keep 
wear-causing abrasives out of all moving parts. 


And now all D8s, (Series F) direct drive and (Series 
G) torque converter, are equipped with oil-cooled steer- 
ing clutches and brakes. For the first time in track-type 
tractor history, D8 steering clutches and brakes have 
life expectancies similar to those of the exclusive 
Caterpillar oil clutches. They require very little adjust- 
ment, and facing replacement is negligible. 


Your Caterpillar Dealer will welcome comparison of 
the new D8 with any other tractor. Call him soon for 
an on-the-job demonstration. And count on him for 
dependable service and parts you can trust. 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. 


CATERPILLAR’ 
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Manufacturers 


Precipitator Automation 

An electronic development by Re- 
search-Cottrell Inc. brings complete 
automation to the power supplies of 
electrostatic or electrically powered 
dust precipitation equipment, elimi- 
nating manual and visual electrical 
controls entirely. The control system 
continuously monitors and readjusts 
spark rate to maintain optimum 
voltage and power input for chang- 
ing precipitator conditions. Circle 
No. 1. 


Shock-Absorbing Drill Handle 
New standard equipment for Le 
Roi-Cleveland H-10, H-12, and H-111 
sinker drills is a shock-absorbing 
handle which increases output by 
reducing operator fatigue. Vibra- 


tion is absorbed by rubber cushions, 
and their dampening action is ad- 
justable. Also available from Le 
Roi Div. of Westinghouse Air Brake 
Co. are modification kits for former 
models of these drills. Circle No. 2. 


Portadrill 


Winter-Weiss Co. has a heavy duty 
rotary drill which mounts on a 
Caterpillar D6 for vertical blast hol- 
ing. Up to 27,000 lb can be applied 
on the bit and the drill averages a 


foot or more a minute of 9-in. hole 
in most formations. Two rotary 
compressors operating singly or to- 
gether provide a maximum air 
pressure of 85 psi. Drill is also avail- 
able truck or trailer-mounted. 
Circle No. 3. 


Air-Powered Hoist 

Atlas Copco AB has introduced a 
new series of air-powered portable 
winch-type hoists designed for drag- 
ging, skidding, and lifting in mines 
and quarries. The 265-lb MHG-41 
(shown) can handle loads up to 1100 
lb, operates at 85 psi, and is equipped 


with 400 ft of 5/16-in. rope. New 
unit operates from creep to rope 
speeds ranging up to 160 fpm at full 
load. Circle No. 4. 


Blocks & Sheaves 

Durolite blocks from Sauerman 
Bros. Inc. feature end thrust bear- 
ings to prevent side frame wear, 
free-moving swivels for easy posi- 
tioning, and a cast bead on side 
frames to prevent fouling. Sizes 


stocked are 6 to 18 in. with bronze 
bearings and 8 to 42 in. with roller 
bearings. Sheaves are separately 
available in sizes from 6 to 18 in. 
(alloy steel) and 20 to 24 in. (cast 
steel). Circle No. 5. 


Rear Dump Hauler 

Euclid Div., General Motors Corp. 
offers the Model S-18, a rear dump 
off-the-highway hauler with a rated 
payload of 35 tons. Single axle trac- 
tor is powered by a 300-hp engine 
with Roots blower. Semi-trailer body 
is interchangeable with the bowl of 
the S-18 scraper. Circle No. 6. 


Equipment 
Catalogs 


Tractor Odometer 

More accurate job data by record- 
ing distances traveled by tractors is 
possible with a new odometer, an- 
nounces Caterpillar Tractor Co. Eas- 
ily mounted oa either spoke or disk- 


type idlers, the unit (shown with 
cover plate removed) gives 98 pct 
accuracy in the lower three gear 
ranges. It is inoperative in fifth gear. 
Circle No. 7. 


Four-In-One Payloader 


Previously available only on In- 
ternational-Harvester crawler mod- 
els, the Drott four-in-one buckets 
are now offered as optional equip- 
ment on all Frank G. Hough Co, 4- 
wheel drive Payloaders. The attach- 
ment can be used as a shovel, clam- 
shell, scraper, or bulldozer and may 
be mounted on models HH, HO, and 
HU. Circle No. 8. 


News & Notes 


Dorr-Oliver Inc. has announced 
plans for major expansion and real- 
location of its U. S. production fa- 
cilities and further expansion of 
Dorr-Oliver-Long Ltd.’s plant at 
Orillia, Ont. All domestic filter man- 
ufacture will be centralized at the 
Hazleton, Pa. plant .. . New indus- 
trial engine plant of Caterpillar 
Tractor Co. will be constructed on 
an 1100-acre site near Peoria, Ill. 
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MOLYBDENUM, from the Greek “‘molybdos’”’, mean 
ing lead, is popularly referred to as “‘moly’’, and has its main 
commercial source in the mineral molybdenite. Increasing 
production of molybdenum has been essential for the manu- 

facture of alloy steels used extensively in aircraft, automotive, 
heavy machinery, and many other industries. 


Largest producer of “moly” in the world is Climax Molyb- 
denum Company, supplying well over half of the free world 
production. Located high in the Rockies in Colorado, this miracle 
mine of modern times is presently the largest underground mining 

yi. operation in North America. At Climax, a battery of twelve 7-ft. 
.— he Symons Cone Crushers handle the reduction crushing of the vast 
; tonnages of hard crystalline rock bearing the molybdenite ore. 


SYMONS CONE CRUSHERS ... the ma- For in molybdenum production . . . as in all the great ore and indus- 
chines that revolutionized crushing prac- trial mineral operations the world over . . . Symons Cone Crushers are 
fice... ore belt in Standard, Short the outstanding choice of leading producers for processing great 


Head, and Intermediate types, with Sea 
crushing heads from 22 inches to 7 feet quantities of finely crushed product at low cost. 
from 6 to Nordb Mfg. Co., Mil hee, Wisconsin 


SYMONS ...A REGISTERED NORDBERG TRADEMARK KNOWN THROUGHOUT THE WORLD. 


©1956, Nordberg Mfg. Co. 
NORDBERG 


MACHINERY FOR PROCESSING ORES ond INDUSTRIAL MINERAS 


NEW YORK @ SAN FRANCISCO @ ST. LOUIS © DULUTH © WASHINGTON 


bee. TORONTO @ MEXICO, D.F. e LONDON @ JOHANNESBURG 
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This view, showing a specimen of an etched cross 
tion of a molybdenum ingot, was furnished by Climax 
Molybdenum Co., who now use a 60” Symons Pri- 
Crusher, 12 Symons Cone Crushers, and 250 
— || 
mt 
Gyratory Grinding Mine Se is 
Symone 
Grizzlies 
and Screens 


(21) WIRE ROPE CARE: An 80-page 
pocket-size manual, “Here’s How to 
Keep Your Wire Rope Working,” is 
offered by American Chain & Cable 
Co. Inc. Regarding wire rope as a 
precision tool, the booklet covers the 
basic steps in use and care and notes 
abrasion, lubrication, inspection, 
alignment of sheaves, winding on 
drums, bending fatigue, splicing. 
Recommendations point the way to 
get more for your wire rope dollar. 


(22) JAW CRUSHER: Folder BU132- 
561 from Universal Engineering 
Corp. details features of the 4448 
WRB eccentric jaw crusher. A 130,- 
000-lb unit, the crusher has a maxi- 
mum capacity of 950 tph. 


(23) BELT CLEATS: Slipping of 
gravel or other like material on an 
inclined conveyor belt can be 
stopped through the use of cleats 
such as those offered by Flexible 
Steel Lacing Co. Easily affixed in 
any pattern needed, the cleats are 
available in four heights: 7/16, %, 
1, and 1% in. All are 36 in. long. 


(24) TEMPERATURE CONVER- 
SION CHART: Moeller Instrument 
Co, offers a handy pocket-size tem- 
perature conversion chart. The easy- 
to-read tables of Fahrenheit and 
Centigrade temperature equivalents 
are a time saver. For easy reference, 
the 8%x3%-in. chart may be placed 
under a glass desk top. 


(25) WORM REDUCERS: Specifica- 
tions of the English-made Radicon 
worm reducers are described in a 
new brochure, D5604, from David 
Brown Corp. Dimensions and input 
hp ratings are given for types RHU, 
RHO, and RHV. 


(26) INDUSTRIAL LOCOMOTIVES: 
Sixteen pages describe General Elec- 
tric’s complete line of industrial lo- 
comotives in new booklet GEA-6445. 
Entitled “Six Questions to Ask When 
Buying an Industrial Locomotive,” 
the guide points out answers to the 
problems that a prospective buyer 
might meet. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(27) HOISTS: Yale & Towne Mfg. 
Co. has a catalog covering roller 
chain and link chain Pul-Lifts. The 
lightweight ratchet hoists are pro- 
duced in capacities of % ton to 15 
tons. 


(28) EARTHMOVING: Three new 
bulletins are available from the Con- 
struction Machinery Div. of Allis- 
Chalmers Mfg. Co. Highlights of the 
HD-11G and HD-6G diesel powered 


crawler tractor shovels are noted in 
folders MS-1137 and MS-1126. The 
third pamphlet, MS-1149, details fea- 
tures of the four Allis-Chalmers 
pull-type scrapers. 


(29) OSCILLATING CONVEYOR: 
Coilmount is the latest addition to 
the Link-Belt line of oscillating con- 
veyors for bulk materials handling. 
Motion is imparted to material car- 
ried in a trough by means of a con- 
stant-stroke eccentric drive that pro- 
duces an upward and forward oscil- 
lating movement. Since there is no 
return run, carryover is eliminated, 
and oscillation levels out surge loads. 
Sections can be assembled in lengths 
up to 100 ft. Booklet 2644 is a guide 
to correct selection and application 
of stock size Coilmount units. 


(30) ROTARY STOPER: Leafiet E 
909 from Atlas Copco points up the 
design features of the Falcon auto- 
feed rotary stoper for overhead 
drilling. Overall length is reduced 
by elimination of the anvil block, 
and air formerly consumed in the 
block is used to increase piston im- 
pact. The stoper is provided with 
feeds facilitating 24 and 30-in. steel 
changes. A push button-actuated 
bleeder valve releases pressure to 
collapse the extension feed. 


(31) SPIRALOK DYNAMITE AS- 
SEMBLY: The Explosives Dept. of 
Hercules Powder Co. has a bulletin 
covering the use of the Spiralok 
joint feature in making continuous 
powder columns. Advantages in- 
clude easy assembly and disassem- 
bly, rigid coupling, and maximum 
protection for the charge. Time is 
saved and results are better, it is 
claimed, when Spiralok charges are 
used in seismic exploration and in 
submarine and dredging work. In- 
cluded in Form 200-71 is a descrip- 
tion of the XC-47 primer, recom- 
mended for severe shot-hole con- 
ditions. 


(32) NEOPRENE-SHEATHED CA- 
BLE: National Electric Products 
Corp. has a new catalog-bulletin 
which discusses composition, in-use 
properties, and suggested applica- 
tions of type RR rubber insulated, 
neoprene sheathed cables. Forty 
pages of reference material and illus- 
trations are provided, and charts 
give data on size, strand construc- 
tion, insulation sheathing, diameters, 
and shipping weights. 


(33) MINING IN MONTANA: Mon- 
tana Bureau of Mines and Geology 
at Montana School of Mines has re- 
leased information circular No. 14 
which lists known Montana mining 
enterprises in 1956. Ventures cov- 
ered include those which are active 
and producing, developing or explor- 
me, or idle but not abandoned. Min- 
erals concerned are also included. 


Mining Engineering 29 West 39th St. New York 18, N. Y. 
: Not good after June 15, 1957—if mailed in U. S. or Canada 
: More Information oO 

4 Please send } on items circled. 
Free Literature 
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(34) MINING AND QUARRYING 
STEELS: Drill steels from Bethle- 
hem Steel Co. are detailed in 20-page 
Booklet 345. Recommendations for 
forging and heat-treatment are in- 
cluded with descriptions of standard 
and Ultra-Alloy hollow drill steels; 


(35) SWIVEL JOINTS: Use of swivel 
joints on air and hydraulic lines may 
increase their useful life by elimi- 
nating kinking and twisting. Chiksan 
Co. offers Catalog G-4 which covers 
ball-pearing swivel joints for all 
Replacement parts, lubri- 
cants, and packing units are also 
detailed. 


(36) CYCLONES: Bulletin 121 from 
Equipment Engineers Inc. explains 
features of the Krebs cyclone classi- 
fiers. It also details results obtained 
with various models of the Krebs 
cyclones in working several physi- 
cally varied slurries toward different 
objectives. Capacity of the 10-in. 
models is 200-300 gpm, and of the 
20-in. models is 500-800 gpm. 


(37) STEAM SOLENOID VALVE: A 
new packless, internally pilot oper- 
ated, 2-way solenoid valve has been 
introduced by Automatic Switch Co. 
As described in Bulletin 8222A, the 
valve may be used in a variety of 
applications for the automatic con- 
trol of the flow of steam, hot fluids, 
or gases at temperatures up to 400°F. 
Body and bonnet are of forged brass. 
Teflon disks assure tight shut-off 
when solenoid is de-energized. 


(38) OFF-HIGHWAY TRUCKS: 
Photos and brief descriptions cover 
1i models of Dart Truck Co. haulage 
vehicles in 4-page Bulletin 1056. De- 
tails are given on 10 to 55-ton end 
dumpers, a 50-ton bottom dump coal 
hauler, a 25-ton crane carrier, an 18- 
ton underground conveyor dump 
shuttle, and an oil field unit. Major 
construction features are noted in 


(39) PRODUCT LITERATURE: Jef- 
frey Mfg. Co. has a 48-page pocket- 
size booklet, No. 888, which elabo- 
rates on company products (mining, 
material handling, and processing 
equipment), and production facili- 
ties for mechanical, electrical, and 
hydraulic machines and components. 
Among the many items covered are: 
chains, transmission machinery, con- 
veyors, feeders, electronic controls, 
magnetic separators, crushers, con- 
tinuous mining machines, shuttle 
cars, drilling equipment, mine loco- 
motives, mine ventilating fans. 


(40) ROCK BOLTING: Information 
on the use of a grouted rock bolt is 
offered by Sika Chemical Corp. The 
Perfo system explained employs a 
perforated steel sleeve that is filled 
with mortar and placed in a drill 
hole. A reinforcing bar is thrust into 
the sleeve to force mortar out 
through the perforations and solidly 
fill all the space between the sleeve 
and surrounding rock. Advantages 
claimed to result are uniform an- 
chorage, uniform stress, no corro- 
sion, secondary blast resistance. In- 
stallation is simple—close drilling 
tolerances are not required. Two 
sizes of sleeves are available— 
1 1/16-in. ID and 1%-in. ID. 


(41) CLASSIFIER: Sharples Corp. 
has an air vortex classifier for dry 
powdered materials. Super Classifier 
is said to combine cutpoint sharpness 
and high efficiency with high capa- 
city. Compact unit has a capacity 
from 250 lb per hr to 10 tph. Stand- 
ard models can be manifolded for 
inert gas operation. 


(42) ROD DECK SCREEN: Bulletin 
94C from Nordberg Mfg. Co. has 
four pages of specifications and fea- 
tures of the Type K Symons Rod 
Deck screen. Spring steel rod sur- 
face is resistant to abrasion. Any 
rod or group of rods may be re- 
placed without disturbing the re- 
mainder of the deck. Molded rubber 
mounting permits handling large 


addition to specifications. material without screen damage. 
FIRST CLASS 
PERMIT No. 6433 
Sec. 34.9 P.LGR. 
New York, N. Y. 
BUSINESS REPLY CARD ane 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES a 
3c.—POSTAGE WILL BE PAID BY— ——— 
MINING ENGINEERING 
29 WEST 39th STREET ocean 
NEW YORK 18,N. Y. 


(43) COMPRESSORS: Kellogg Div., 
Ameriean Brake Shoe Co. has a new 
20-page catalog covering its line of 
1/3 to 20 hp air compressors for 
automotive and industrial use. The 
illustrated booklet gives complete 
specifications on single and 2-stage 
models, portable models, tanks, 
pumps, and accessories. Useful 
charts and general data are included. 


(44) HIGH TENSION SEPARA- 
TORS: A 4-page technical bulletin, 
HTB-103, on high tension separators 
is available from Carpco Mfg. Inc. 
Electrostatic separation is compared 
with high tension or electrodynamic 
separation. Minerals which can be 
separated by high tension units are 
listed. Included is a typical plant 
flowsheet. 


(45) REPLACEABLE BLADE BITS: 
Blue Demon soft-medium-hard for- 
mation bits with replaceable blades 
for economical drilling are offered 
by Herb J. Hawthorne Inc. Catalog 
656 includes data on the entire line 
and a six-part article called “Engi- 
neering a Hole in the Ground.” 


(46) CONCRETE DENSIFIER: Sika 
Chemical Corp. has a concrete densi- 
fier called Plastiment which controls 
set and reduces water content in 
cement without increasing air con- 
tent. The result is uniformity, crack 
resistance, water-tightness, and sur- 
face hardness. Furnished in liquid 
or powder form, Plastiment may be 
stored indefinitely and may be used 
with all types of cements and aggre- 
gates. 


(47) POWER SHOVEL: A new l1-yd 
shovel by Bucyrus-Erie Co. will 
speed stripping and loading opera- 
tions. The 30-B is offered with a 
choice of any of five crawler mount- 
ings, or a rubber-tired carrier. The 
front end is easily convertible to 
shovel, dragshovel, crane, dragline, 
or clamshell. 


(48) JIG: Wemco-Remer jigs for 
large tonnage low ratio concentra- 
tion applications are available from 
Western Machinery Co. Uniform 
permeability of the entire bed mass 
is provided by a low frequency long 
stroke combined with a high fre- 
quency short stroke. Jigs are claimed 
to have greater capacity per unit of 


(49) TOURNATRACTOR: Form 54- 
005-T from LeTourneau-Westing- 
house Co. gives details on features 
of the 208-hp rubber-tired Tourna- 
tractor. The 28-page booklet puts 
emphasis on speed, between-job mo- 
bility, emergency electric power, in- 
terchangeable equipment highlights 
of these large versatile units. Adapt- 
able to most types cf towed equip- 
ment, the tractor is shown in use 
with seven available attachments 
and a line of auxiliary tools. 


dressing steels. 
bed area and greater selectivity. 
Flowsheets are included in Bulletin 
J2-B3. 


get maximum use 
your facilities... with 


You protect personnel—and mining equipment — 

against falls, crushes, bumps and other back, face and 

rib failures when you use CFalI Rock Bolts. 

What’s more, this dependable, increasingly-popular 

roof support method eliminates timber supports and 

never blocks service openings such as airways and manways. 


For your convenience CFal offers two popular types of bolts: 


Slot-And-Wedge Type—which is driven into place 
and has excellent load-carrying capacities. 


Expansion Shell Type (with Pattin Shell)—which requires no 
driving with pneumatic equipment and is available in both 
left hand and right hand threads. 


Both types can be used with Realock Chain-Link Fabric for 
metallic lagging as illustrated. 


Ask your nearby CFal representative for complete 
details on how you can use these CFalI Rock Bolts to 
best advantage in your own operations. 


THE COLORADO FUEL AND IRON CORPORATION 
DENVER + OAKLAND 3681 


THE COLORADO FUEL AND IRON CORPORATION— Albuquerque + Amarillo - Billings - Boise - Butte - Cosper + Chicago « Denver « El Paso + Ft, Worth 
Grand Junction - Houston + Lincoin - Los Angeles - New Orleans - Oakland + Oklahoma City - Phoenix - Portland (Ore.) - Pueblo + Salli Lake City 
San Antonio - San Francisco - Seattle - Spokane + Wichita - CANADIAN REPRESENTATIVES AT: Calgary + Edmonton - Vancouver + Winnipeg 
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nother New . 
Hydraulic 


pevelopment 
by Sanford-Day 


—| for dumping 


Although the need for 
simultaneous dumping of 
two or more Granby-type 
cars is a remote require- 
ment, it is possible, as shown 
here, with $-D Hydraulic 
Self-Dumping Mine Cars. 


Is there something special you need in mine cars? You will probably find the answer in our plant 


“SUPER MARKET FOR MINE CARS" — al! types * PRECISION 


WHEELS * “BROWNIE” HOISTS, CAR RETARDERS, SPOTTERS, 
PUMPS AND OL SPRAY SYSTEMS * GISMO SELF-LOADING 
AY TRANSPORT that loads (mucks) in development or produc- 
tion . . . transports . . . supports 2 to 5 jib mounted drills 


- «+ back fills . . . moves boulder rocks . . . makes its own 
readways and cleans up completely — a new method of 


Knoxville, Tennessee omy mining offering a tremendous reduction in cost 
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‘a Self-Dumping Car answers need 
car ina trip anywhere! 


No Fixed Dumping Point or Ramp Required! 


Twenty of these new cars were recently built for a 
large steel company to haul waste material out of mine 
development areas for disposal at outside ravines. The 
new S-D Hydraulic Self-Dumping Cars met the need for 
cars to operate in train and dump independently at 
any place. Of course, each car may be unloaded at 
the same fixed dumping point. 

A pair of telescopic hydraulic cylinders raise the 
body to a dumping angle of 40 degrees. The trip rider 
selectively dumps each car by means of a lever located 
on side of underframe. Hydraulic power is supplied by 
a power unit mounted on a small car that is coupled 
in the trip. Hydraulic hoses connect the cars by 
means of quick-connect-and-disconnect  self-sealing 
couplings. The car body raises or lowers in less than 
30 seconds. Here is a car that could save you many 
man-hours and increase haulage efficiency if fixed 
dumping points are not practical or desirable. It is 


le how cost-conscious mining men turn 
io Sanford-Day for the engineering know-how to help 
them successfully solve haulage problems. 


Trip may be halted 
end each car dumped 
one-after-another, or, 
of course, trip moved 
on to each desired 
dumping point. Power 


unit cor is normally 


Each $-D Hydraulic aks located behind loco- 
Self-Dumping car pic- * } = motive, although, as 
tured here has a 10- in 7 . shown here, it may be 


ton rock capacity, and 
is approximately 17 
feet long, 7 feet wide 
ond less than 4 feet 
high from top of rail. 


At right below you see trip rider pulling simple lever with 
one finger that raises the body hydraulically in 30 seconds 


and dumps the load! 


coupled between cars. 
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MODERN HEAVY-DUTY CAT 
FOR EVERY JOB 


From a quarter century of diesel 
leadership, now comes the world’s most 
advanced line of diesel engines. 


Developed by Caterpillar research, these compact 
units pack more power in less space and deliver 
greater efficiency, greater economy and longer life 
in any application. 


You have your choice of hundreds of variations 
in engines up to 650 HP (maximum output ca- 
pacity), electric sets up to 350 KW (continuous 
duty) and marine engines up to 500 HP (continu- 
ous duty). They’re available as original or replace- 
ment power for excavators, hoists, crushers, 
electric power, pumps, boats, loggers, sawmills and 
other equipment. 


Why they do a better job than ever 


These modern heavy-duty diesels feature the four- 
cycle design which provides a smooth, effective 
power stroke and a more efficient utilization of 
power. They require practically no attention. Their 
fuel system requires no adjusting. And Caterpillar’s 
single-orifice fuel injection valves with the pre- 
combustion chambers permit the use of such low- 
cost fuels as No. 2 furnace oil without fouling. All 
these and other features add up to new standards 
of performance in diesel power. 


A quarter century of diesel leadership 


For modern power that stems from a quarter cen- 
tury of diesel leadership, specify Caterpillar units. 
Leading manufacturers can supply them in the 
equipment they build. 


For complete information about them, see your 
Caterpillar Dealer. He backs you with prompt serv- 
ice. He has the experience and technical knowl- 
edge to help you with your power problems. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


HUNDREDS OF DIFFERENT UNITS 
TO MEET YOUR POWER NEEDS 


D397 


with 
Turbocharger 


650 HP* 


Also available as a Roots blown, naturally aspirated or 
spark-ignition engine — and as an electric set, marine engine 
or torque converter power unit. Choice of air, electric or 
gasoline starting system. 


D337 


310 HPT 


Also available as an electric set, marine engine or torque 
converter power unit. Choice of air, electric or gasoline 
starting system. 


CATERPILLAR’ 


“Caterpillar and Cat are Registered Trademasks of Caterpillar Tractor Co. 
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Also available as a Roots blown, naturally 
aspirated or spark-ignition engine — and as an 
electric set, marine engine or torque converter 
power unit. Choice of air, electric or gasoline 
starting system. 


D326 


Naturally 
Aspirated 


200 HPt 


Also available as an electric set, marine engine 
or torque converter power unit. Choice of air, 
electric or gasoline starting system. 


D311 


Naturally 
Aspirated 


65 HP! 


Also available as an electric set. Choice of air, 
electric or gasoline starting system. 


NEW 
D318 


(Series G) 
Turbocharged 


175 HP* 


NEW 
D315 


(Series G) 
Turbocharged 


115 HP! 


SMALLER, LIGHTER AND LOWER PRICED! 


Keeping in line with Caterpillar’s continued diese! 
leadership are these new Series G engines. They 
are designed for use in installations where space 
is at a premium. Both are small, light and low- 


priced; yet they deliver dependable power with 
the renowned Caterpillar durability. They are 
available naturally aspirated (above) or turbo- 
charged. Choice of air or electric starting system. 


Naturally 
Aspirated 


210 


Also available as an electric set or marine en- 
gine. Choice of air, electric or gasoline starting 
system. 


D318 


Naturally 
Aspirated 


137 


Also available as an electric set, marine engine 
or torque converter power unit. Choice of air, 
electric or gasoline starting system. 


ELECTRIC SETS 


Dependable electric power, featuring the new 
Cat Generator, is available in standard voltages, 
60-cycle, in the following KW sizes: 30, 40, 60, 
100, 150, 165, 200, 225, 250, 315, 350. Also 
available as 50-cycle and DC units. The new 
generotor brings you the best features of self- 
regulated and externally-regulated generators 
in one compact package. 


Naturally 
Aspirated 


140 HPt 


D315 


Naturally 
Aspirated 


91 HPt 


Also available as an electric set, marine engine 
or torque converter power unit. Choice of air, 
electric or gasoline starting system. 


TORQUE CONVERTER 
POWER UNITS 


Many different arrangements are available for 
each of six Caterpillar Engines to provide you 
with a greater selection of power packages. You 
have a wide choice of power units and a wide 
choice of output shafts. 


tmaximum output copecity 
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FLUOSOLIDS SYSTEM 


the solution to SO,z 
production at 
Rico Argentine 


RICO, COLORADO —- Concentrating lead and zinc 
for many years the Rico Argentine Mining Com- 
pany has accumulated a large tailings pile of sulfur 
bearing pyrite. Recent mine developments have re- 
vealed massive pyrite deposits. This abundant 
source of pyrite combined with the heavy sulfuric 
acid requirements of nearby uranium industry made 
the construction of the Company’s new 200 T/D 
contact acid plant feasible. 

An important part of this unique installation is 
the Dorrco FluoSolids System recently put on 
stream. Feed to the System is 150 to 200 tons per 
day. Roast is accomplished in a 20 ft. inside diam- 
eter Reactor with temperature automatically held 
at 1650 F. Gas production is 48,500 to 63,500 CFM. 
Gas strength averages 14%. Unusual? Yes, because 


this installation is remotely located nearly 9000 ft. 
above sea level. Large gas volumes — normally as- 
sociated with high altitude operation have had no 
adverse effects on operating results obtained. The 
high gas strength realized by use of a Dorrco Fluo- 
Solids System makes it possible to reduce gas puri- 
fication equipment to an economic minimum as 
compared with other type roasters producing a 
weaker gas. Other advantages of the FluoSolids 
System are simplicity and ease of operation. Due to 
the FluoSolids Reactors high unit capacity it is pos- 
sible to efficiently produce a larger volume of SO2 
gas in a single unit thereby reducing capital costs. 

For detailed information about the FluoSolids 
System — write Dorr-Oliver Incorporated, Stam- 
ford, Conn., U. S. A. 


FluoSolids is a Trade Mark of Dorr-Oliver Incorporated. Reg. U. S. Patent Office. 


OR ATE 


WORLD-WIDE RESEARCH 


STAMFORD 
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a JEFFREY fan 
gives the most ‘“ 
ventilation 
for your money 


i . 


AERODYNE?® Fan ventilating a South Dakota gold mine. 


Lowest first cost, 
economy of operation and 
dependable service 


Jeffrey makes fans for every mining condition. 
Midget blowers are supplied as auxiliaries, Junior 
models for low pressure work, and mammoth 
multi-stage units for high-pressure, high-volume 
ventilating service. 


For 49 years, Jeffrey engineers have been 
helping mine operators solve ventilation prob- 
lems. The experience and scientific knowledge 
they have gained is available to you to help 
assure proper application and selection of Jeffrey 
equipment. 

Catalog 901, just published, gives valuable mine 
ventilation data and shows typical arrangements 
and drives to suit various conditions. It also tells 
you how to select Jeffrey equipment and includes 
dimensions to assist your layout men. 

For a copy, or for other information, write The 
Jeffrey Manufacturing Co., Columbus 16, Ohio. 


AERODYNE® Midget Blower serving a potash mine in the West. 
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AERODYNE?® Fan installed underground in an iron mine. 


Ni-Hard ball mill liner 
grinds 600,000 

tons of ore in j 
711 grueling days 1 


Performance like this — based on an actual 
case history — is the rule. . . not the exception. 


Even under the toughest service conditions 
possible, Ni-Hard* nickel-chromium white 
cast iron liners last longer than any other liner 

material. With Ni-Hard liners you substantially 
increase the interval between relinings. 


Ni-Hard — with its outstanding abrasion 
resistance is economical as well 


With chill cast hardness above 600 Brinell, Ni-Hard 
liners provide excellent abrasion resistance and 
the longest service life available. Ultimate economy . 
is measured by the cost of liner material worn 
away in grinding each ton of product. 


If abrasion is costing you money, put Ni-Hard to 
work in your plant. Many of the authorized Ni-Hard 
foundries are regular producers of Ni-Hard liners 
as replacement parts for standard mills: Many 
manufacturers recommend Ni-Hard liners as 
original equipment for their mills. 


For information on how you can take 
advantage of economy of Ni-Hard, drop a note 
to the address below. Technical information 
and a list of regular producers are available. 


“Registered trademark 


Se 


deo, THE INTERNATIONAL NICKEL COMPANY, INC. 


j 
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Grant Large Manganese Concession 


British South Africa Co. announces grant of a 2460-square mile manga- 
nese concession in Northern Rhodesia to Vanadium Corp. of America. 
Property, to be known as the Chilili East Manganese Area, is located 
near a 200-square mile concession purchased by Vanadium Corp. in 
late 1955. Work on the smaller area is claimed to have proved reserves 
sufficient for ten years at the company’s current rate of consumption. 


DMEA Uranium Prospecting Program Still Active 


The Defense Minerals Exploration Administration, since its establish- 
ment in 1951 and up to the end of 1956, has received 669 applications ge & 
for federal money to finance uranium exploration. Contracts amount- et 
ing to a maximum of $4.62 million have partnered DMEA with 151 Ye 
applicants in the search for more uranium ore. In 1956, 179 applica- 
tions were received. Spokesmen expect that $50 million worth of 
material will be discovered for each million the government invests. 


Biggest Year For Stainless Steel 


Production of all types of stainless steel ingots reached 1,210,569 net 
tons during 1956, a new high according to the American Iron & Steel id 
Institute. Reported production of low-nickel types showed a tenfold . 
increase over 1955. 


First Canadian Potash Refinery Projected 


Potash Co. of America will begin construction of a $20 million potash 
refinery at Patience Lake, Saskatchewan in early summer. The re- 
fining operation will be a Canadian first. Production is expected to 
begin in November 1958. Capacity will be 4000-4500 tpd, or about 1.5 
million tons annually. A mine shaft is being sunk at an estimated cost 
of more than $3 million to reach beds lying at a depth of about 3400 ft. 
Potash reserves of the province are estimated at 100 billion tons. 


Copper—Production, World Stocks Up ae 
World stocks of refined copper climbed 132,275 tons to a total of 353,601 Ee & 
tons in 1956, according to the Copper Institute. Production rose by é a 


nearly a quarter-million tons. Outlook this year, according to the 
Copper & Brass Research Assn., is to U. S. capacity of 1.19 million tons 
and a world output increase to 3.5 million tons. 


Mercury Continues Upward Trend 


Domestic mercury production in 1956 continued the climb of the last 
five years. New Idaho and Alaska mines pushed most of the 20 pct 
increase. Imports were also up, some 250 pct higher than those of 1955. 
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1, You drill faster with low-cost Le Roi- 

Cleveland CRD one-use bits because 
they have a special offset gauge feature 
which permits the use of thinner wings, 
and a steeper reaming angle. Binding 
is greatly reduced, and ample clearance 
is provided for cuttings. 


2. You have less drill-steel breakage 

with Le Roi-Cleveland CRD one-use 
bits. The method of bit attachment elim- 
inates threads on the drill rod. And since 
a drill rod is only as strong as the root 
diameter of its threads, the tapered, 
threadless CRD’s give you a stronger, 
power-saving union, and longer drill- 
steel life. Other savings result from re- 
duced handling and reconditioning costs. 


3. You have less wear and tear, too. 
Rifle bars, rifle nuts, and chucks 


Four Ways 
to Save Money 
with CRD One-Use Bits 


will last longer because CRD’s are de- 
signed to reduce binding and ease strain 
on rotation parts of your drills. 


4, They cost less, initially. CRD’s cost 

less than 25¢, half as much as com- 
parable multiple-use bits. There’s a big 
saving in time and labor spent handling 
bits, too. CRD’s knock-off, throwaway 
use eliminates unscrewing, and all the 
time-consuming traffic between operator 
and bit shop. 


It costs practically nothing to try them. 
You don’t need to invest in special thread- 
ing or reconditioning equipment when 
you use Le Roi-Cleveland CRD one-use 
bits. Satisfy yourself that they can save 
you money. Get a can today, and start 
cutting your drilling costs right away. 


LE ROBE Division of Westinghouse Air Brake Co., Milwaukee 1, 
Wisconsin, manufacturers of Cleveland air tools, Tractair, portable and station- 
ary air compressors, and heavy-duty industrial engines. Write us for infor- 
mation on any of these products. 
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Nova Scotia, the “New Scotland” 
that hangs precariously off the 
southern extremity of New Bruns- 
wick is an old land of eroded moun- 
tains, laced with lakes, and resplend- 
ent with rugged scenery. 

One natural phenomenon of the 
province, which is as unique as it is 
impressive, is the Bay of Fundy and 
its strange tides. 

Along this arm of water that sep- 
arates most of Nova Scotia from the 
mainland and fingers into the land 
itself, tides have been measured up 
to 75 ft, the highest in the world. 
Towns which are miles from navi- 


Cement cribs support loading vessels at low tide. An under- 
ground conveyor connects loading facilities with nearby mill. 


MINING 


engineering 


High Tide .. . 
Low Tide 
At Walton 


gable waters in the morning become 
deepwater ports by noon. 

The tides have a particular interest 
for Magnet Cove Barium Corp.’s 
mining, milling, and shipping opera- 
tion at Walton, N. S. where barite is 
processed for the oil industry. Ves- 
sels hauling barite from Walton Har- 
bor must leave at exactly high tide, 
for once the water reaches its peak 
it immediately begins to drop. A 
trained eye must be kept on both 
loading progress and the height of 
the harbor water. Even the shortest 
delay could result in a ship remain- 
ing in port an extra day (which is 
very costly) or, even worse, run- 


ning aground before it clears the 
harbor. The water at Walton rises 
to about 20 ft at high tide, refloating 
the ships from their special cement 
cribs for passage out to the Bay of 
Fundy. 

Local stories have it that the bar- 
ite deposit was found when a group 
of geologists were invited out to look 
at Walton’s red marble. The 12-ft 
outcropping was enthusiastically ex- 
plored and a huge deposit was dis- 
covered. The mining operation was 
basically a quarry operation for 
many years. But, with the comple- 
tion of a 1000-ft shaft this year, the 
mine will go underground. 


ABOVE: Magnet Cove Barium Corp.'s pit at Walton has 
been excavated to a depth of some 300 ft. Small blasts 
loosen material for loading by power shovels into trucks 
thot make a three-mile run to the mill. Structure at left is 
the headframe for the new 1000-ft shaft that will start an 
underground operation expected to begin this year. LEFT: 
Magczbar’s mine engineer, superintendent, ard geologist 
confer over a model of the large barite deposit. 
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Plan Largest 
Mine Hoist M-G Sets 
For Ryan Shaft 


The surface site of the Anaconda 
Co.’s Ryan shaft in Butte, Mont. is 
now being cleared, and sinking is 
expected to be under way early this 
year. Two mine hoists planned, to 
be completed in the fourth quarter 
of 1957, will include two 3000-hp 600 
v d-c motors operating at 500 rpm 
and capable of working at 200 pct 
frequently-applied load and 225 pct 
occasionally-applied load. 
The hoist will operate from four 
hoisting levels. The shallowest is to 
be at the 1636-ft level and the 
deepest at 4720 ft below the collar 
of the shaft. The 26,000-lb haulage 
skip will carry a pay load of 36,000 
lb at a maximum speed of 2846 fpm. 
Total cycle time, including loading 
time of the skip, will be less than 2 
min from the 4720-ft level. Speed 


will be controlled by a current-lim- 
iting system employing magnetic Southwest view of ay shaft site hens the three legs of temporary headframe now 


amplifiers. in place. Framework of building shown to right of headframe is to be the office and 
The two 3000-hp motors on each dry. Being erected to the left of the headframe is the east sinking hoist room. 

hoist will be powered by a 5000 kw, 

600 v, 514 rpm generator set. The torque. The synchronous motor is ers and auxiliaries will complete the 

two 2500 kw generators are to be energized by a full voltage air break installation. Westinghouse Electric 

driven by a 7000-hp 2300 v synchro- drawout type switchgear unit. Metal- Corp. will supply the electrical 

nous motor with 250 pct pullout clad switchgear for hoist house feed- equipment. 


‘Acettaremos una Gruesa 


In the Argentine it means “we'll take a gross”. In this 
case a gross of Linatex Sand Pumps. 


= The Argentine needed a large number of pumps to meet 
the growing demands of their Mining Industry. Not just 
any pumps, but installations that could handle abrasive 
slurries without wearing out; that could pump sand and 
water with a maximum of 20% solids by volume at 25 
cubic metres per hour against a total manometric head 
of 24 metres. 


A gross of Linatex pumps were ordered. 


That’s a big order—and a sound vote of confidence, in 
any language. 


AUSTRALIA _ 6of the 15 Linatex factories in the world 2 
Linatex (Australia) Pty. Led., | Any of them will see that your enquiries ; Linatex Corporation of America, 


(Australi) Py. Le 


CANADA ENGLAND MALAYA STH. AFRICA 


Wilkinson Linatex Co. Ltd., Wilkinson Rubber Linatex Ltd., The Wilkinson Process R. J. Spargo Ltd., 
P. ©, Son 138 3. — O., Camberley, Surrey Rubber Co. Ltd., Batu Caves, P.O. Box 7128, Johannesburg 
England Selangor, Federation of Malaya. S. Africa 
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lightest 
motor drill 


From Atlas Copco, the world’s largest manufacturers of pneumatic rock- 
drilling equipment, comes an entirely new motor drill. It is the Atlas Copco 
Cobra, backed by 50 years’ experience of rock-drilling equipment, and 
developed after extensive field tests. 

Weighing a mere 53 pounds, the Atlas Copco Cobra is undoubtedly the 
lightest, handiest motor drill ever brought out. (The usual weight of a 
motor drill is around 80 pounds.) Yet despite its low weight the Cobra is 
able to put up a higher footage under actual working conditions than other, 
heavier motor drills. It is powerful, robustly constructed and, above all, 
100 per cent self-contained! One man can carry it and start it up anywhere. 


New exclusive drill features 


The Atlas Copco Cobra has 100 per cent air flushing from the built-in 
compressor. As no exhaust gases are used for flushing, troublesome de- 
carbonizing is eliminated. Another first-ever feature is the free-wheeling 
mechanism for easier starting and more rapid steel changes. The Cobra 
also incorporates a unique new method of automatic rotation of the drill 
chuck, a floatless carburettor enabling drilling up to a 45 degree incline 
and a pull-type starter. The Cobra drills 100 feet to the gallon, has a drill- 
ing rate of 26 feet per hour, and can drill holes up to 13 feet in depth. 


The right steels for the Cobra 


The Cobra—like al! Atlas Copco drills—has been developed for use with 
Sandvik Coromant steels, the world’s most widely-used integral drill steels, 
This, of course, adds considerably to the performance of the Cobra. No end te cual 
drill or steel developed separately could possibly give such equivalent high The Cobra converts to breaker in minutes. Only three small parts to change. 
results. Atlas Copco drills fitted with Sandvik Coromant steels have prov- ease etait 
ed an unbeatable drilling unit, responsible for the drilling of no less than PS 

one billion feet each year. . 


World-wide sales and service 


The Atlas Copco Group embraces Atlas Copco companies or agents 
manufacturing or selling and servicing Atlas Copco equipment in ninety 
countries throughout the world. For further details of the equipment 
featured here, contact any of the addresses shown below. 

u.s. — Atlas Copco Pacific, Inc., 930 Brittan Avenue, San Carlos, Cali- 


fornia, Atlas Copco Eastern Inc., P.O. Box 2568, Paterson 25, N.J. 
CANADA — Atlas Copco Canada Ltd., Montreal Airport, P.Q. pa carrying handle. Moulded | A specially light drill steel grinder, 
MExICcO— Atlas Copco Mexicana S.A., Apartado Postal 56, Torreon, 
Coahuila. — 


Sttlas Copco 


Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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VIBRATORY FEEDERS 


Syntron Feeder feeding run of mine 
coal to 


SYV7TROV 


“Vibra-Flow” 


—meet production capacities without costly maintenance 


SYNTRON Vibratory Feeders maintain the production capacities re- 
quired by continuous processing equipment to meet high production 
standards. They provide a smooth, even flow of coal and ores, fine or 
crushers, conveyor belts, and other 


lump, to screens, picking tables, 
equipment. 


With SYNTRON “Vibra-Flow” Vibratory Feeders the flow rate is in- 
stantly adjustable, from minimum to maximum to meet changing pro- 
duction schedules. This eliminates the possibility of work stoppages or 


slow downs due to over-feeding or under-feeding. 


SYNTRON Vibratory Feeders are built for long dependable service 


and low maintenance costs. 


Let SYNTRON Vibratory Feeders smooth out your production problems. 
Our application engineers will submit recommendations, just send us 


details of your problem. 


Other SYNTRON Equipment of 
Proven dependable Quality 


TEST SIEVE 
SHAKERS 


POWER CONVERSION 
UNITS 


Write for complete catalogue data—Free 


Gasoline 
Hammer 
ROCK 

DRILLS 


~SYNTRON COMPANY 


$34 Lexington Ave. 
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AEC Will Close 
Two Uranium Ore- 
Buying Stations 


The uranium ore-buying station 
and sampling plant operated at 
Marysvale, Utah, since March 1950 
will cease accepting ore at the close 
of business on March 15, 1957, ac- 
cording to the Grand Junction opera- 
tions office of the Atomic Energy 
Commission. The station was estab- 
lished to speed development of the 
area by providing an ore market, but 
most of the regional mines are now 
selling their ore directly to Vitro 
Uranium Co. or to the AEC at Salt 
Lake City. Continued operation 
would mean an unnecessary step in 
the movement of ore. 

Similarly, the station and samp- 
ling plant in operation near Globe, 
Ariz. since July 1955 will stop ac- 
cepting ore on June 30, 1957. Ore 
tonnage received at the Globe station 
and reserves developed in the dis- 
trict have been much smaller than 
expected. Ore is low grade and re- 
fractory to present processes. 


Control Emphasized 
At Sullivan Mine 


Traffic control brains of the Sulli- 
van Mine at Kimberly in southeast- 
ern British Columbia are contained 
in a complete two-way communica- 
tions system at main level. Six elec- 
tric locomotives working the 10-mile 
underground area are all equipped 
with Minephones by Mine Safety 
Appliances Co. The system is pow- 
ered by the same 250 v d-c source 
used by the locomotives. Phone sets 
employ a frequency modulated car- 
rier of 88 kc which does not inter- 
fere with the mine’s conventional 
phone system. Equipment is mount- 
ed on each locomotive in a shock- 
resistant cradle in a _  dust-tight 
splash-proof metal case. The former 
system of control by block signals 
and standard phones has been elim- 
inated. 


Sullivan control room also has 
electronic devices to trace move- 
ments of mine locomotives. 
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ONE BILLION FEET DRILLED 
EACH YEAR WITH THESE STEELS 


For many years Sandvik Coromant steels have been the world’s 
most widely-used integral drill steels. And as each year passes, 
their share of the world rock-drilling market becomes even 
larger; responsible for drilling more than one billion feet 
annually. The reason behind this ever-increasing demand is 
their consistently high and uniform quality. 


Meticulous production control 

Sandvik control every phase of production, from the mining of 
iron ore and processing of the wolfram ore, to the final tungst- 
en-carbide-tipped drill steels. This ‘under-one-roof’ policy of 
Sandvik has produced steels of a quality that is always improv- 
ing; steels that have brought faster speeds and new economies 
to drilling. The production of Sandvik Coromant steels is not 
only strictly controlled, but also influenced by valuable infor- 
mation gained from extensive research. Every year, with the 
close co-operation of Atlas Copco, hundreds of miles of test 
drilling is carried out both in Sandvik’s own test mine and under 
actual working conditions. 


Cost per foot 
60 Cents 


5.0 Cents 


45 Cents 


40 Cents 


1951 1952 1953 1954 1955 


Increased quality brings lower drilling costs 
Since the introduction of Sandvik Coromant steels some ten 
years ago, their quality and life has been continually increased. 
A longer life means /ower drilling costs. For example, take the 
costs of a well-known Canadian mine shown in the graph. 
You'll notice that the cost per foot with Sandvik Coromant 
steels has decreased by 25 % in just four years! 


World’s leading drilling unit 


Sandvik Coromant drill steels are another step towards lower 
drilling costs. And when fitted to an Atlas Copco rock drill you 
have an unbeatable drilling unit, for both were developed to 
work together. No drill or steel developed separately could ever 
give such equivalently kigh performances. Atlas Copco drills and 
Sandvik Coromant steels have become the world’s leading 
drilling unit, a combination that has turned mining and tun- 
nelling—in just one decade—into a smooth and highly-efficient 
operation. 


SANDVIK COROMANT integral steels, detachable bits and long- 
hole equipment are supplied in ninety countries throughout 
the world by Atlas Copco, who, in their own field, are the 
world’s largest manufacturers of rock drills. Contact any of 
these offices today for further information and a demonstration. 


U.S. Atlas Copco Pacific, Inc., 930 Brittan Avenue, San 
Carlos, California. Atlas Copco Eastern, Inc., P.O. Box 2568, 
Patterson 25, N.J. 


CANADA Atlas Copco Canada Ltd., Montreal Airport, P.Q. 


MEXICO Atlas Copco Mexicana S.A., Apartado Postal 56, 
Torreon, Coahuila. 


SItlas Copco 


Manufacturers of Stationary and Portable Compressors, Rock- Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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Ease of operation is demonstrated in mining application. Note the accessibility of controls. The Thor 390 is mounted on the model 680 72” telescopic leg. 


machine— 
48° model 67 


Thor 390 one-man drilling machine 


Here’s the most versatile, productive drill in 
mining and quarrying —the Thor 390. This 
powerful drilling machine combines a drifter, 
sinker and stoper. 

Get a Thor 390 on the job and you get a real 
profit building combination —one tool for three 
jobs, and what a performance combination — 
one man operation, reduced operator fatigue, 
plus faster drilling. 

All controls are grouped on the backhead for 
safe, convenient operation. Thor’s six-position 
throttle gives a complete range of control. Thor 
390 is equipped with a line oiler —automatic 
water valve, replaceable with a plug for dry 
operation. 

Call your Thor factory representative for a 
demonstration. Thor Power Tool Company, 
Prudential Plaza, Chicago 1, Illinois. 
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THOR 
POWER TOOL 
COMPANY 


CHICAGO 
Branches in all principal cities 


; 
| 
Optional feed travel legs available % 
; in two lengths for No. 390 drilling i 
ws 


In 1934 Climax Molybdenum Company in- 


stalled its first Akins Classifiers. Since then 
Akins has been selected for use in each of 
their new units...convincing evidence of 
dependable, low cost mechanical and 
metallurgical performance. The most recent 
order of four Akins Classifiers was for the 
primary circuits of new Units 10 and 17. 
Other Akins at Climax include 14 primary 
classifiers, 5 regrind classifiers and 7 by- 


products classifiers. 


For complete details on 
the advantages of AKINS... 
write for Catalog 55C 


Akins —the ORIGINAL spiral type classifier. 


COLORADO IRON WORKS CO. 


1624 17th Street © Denver 2, Colorado 

AKINS CLASSIFIERS @ SKINNER ROASTERS @ LOWDEN DRYERS 
Soles Agents and Licensed in Foreign Countries 

A SUBSIDIARY OF THE MEME &@ SMELTER SUPPLY Co. 
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CYANAMID COMP. 


Epressing 
feller Plaza 
20 N. Yes 


from the wide, wide World 


Each day from satisfied Cyanamid customers, 
fromconsulting engineers and laboratories, from 
engineering schools, from prospectors, mill 
men and general managers, from all sorts of 
people and companies interested in the mining 
business come dozens of letters bearing foreign 
postmarks. They seek product information or 
Dept. advice on milling report on 
Rockefe} ler unusually successful applications of Cyanamid 


uf metallurgical chemicals, and many of them 


~ . It is indeed gratifying to find daily evidence 
in the mail that our continuing efforts to serve 
the mining industry are well known and 


respected the world over. 


— CYANAMID 


AMERICAN CYANAMID COMPANY 
MINERAL DRESSING DEPARTMENT 
CAW CYANAMID c°., ? vise. 30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
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The Bowling Champ 
buys a custom-made ball 


because he gets 


something EXTRA 


the profit-wise operator 


BUYS TRAYLOR 
REDUCTION CRUSHERS 
for the same reason 


Traylor Reduction Crushers are famous 
throughout the industry for the extra 
production and extra profits they put into 
mining operations. Traylor-made in ten 
sizes, with feed openings from 12” to 22”, 
Traylor Reduction Crushers provide capac- 
ities up to 590 tons per hour. For complete 
specifications write for Traylor Bulletin 
No. 11-120. 


TRAYLOR ENGINEERING & MFG. CO. 
923 MILL ST., ALLENTOWN, PA. 

Sales Offices: New York—Chicago—San Francisco 

Canadian Mfr.: Canadian Vickers, Ltd., Montreal, P.Q. 


the experts agree... there’s nothing like 


| 
| equipment for peak performance 4 
leads to greater profits 
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AIME and The 


Professional Engineer 


ie the many discussions which have occurred in the 
past few years in relation to the problems which 
face the engineering profession and in particular our 
own field of minerals engineering, we have, even in 
these columns, used the word professionalism very 
loosely, without attempting to define its implications. 

It is felt that such a definition should be established, 
and that these implications as to the interrelationships 
which derive from it between AIME and its members, 
between the Societies and Divisions and their members, 
and between the members and AIME, the Societies, 
and Divisions, should be clarified. 

As a basis for what is hoped will be discussions on 
the subject, the following is offered, bearing in mind 
that we speak not of a professional title or license to 
practice engineering, but of functional attributes of 
professionalism: 


“A Professional Minerals Engineer is one who 
has devoted his endeavors to the extraction of 
raw materials from the earth, to their processing 
and refining, and to their preparation for subse- 
quent manufacturing or consumption. He applies 
to these processes a knowledge of mathematical 
and physical sciences acquired through study, 
— and experience. He endeavors to abide 

y limitations imposed by economical factors, 
tempers his actions by judgment and the realiza- 
tion that his function is dedicated to the progress 
of civilization and the comfort, health, ety, and 
welfare of mankind.” 


The engineer is thus somewhere between the thinker 
(the scientist) and the doer (the technician). In most 
cases his endeavors do not bring him superabundant 
riches or power, but he obtains satisfaction in knowl- 
edge and in accomplishment. His activities are concen- 
trated on the use of machines and on the processing of 
materials, his human relations are confined in most 
cases to using humans as operators of the machines, 
until he reaches managerial positions where human 
engineering becomes more important than engineering 
responsibilities as such. 

AIME is basically an association of professional engi- 
neers and of their associates, joined together for the 
exchange of ideas leading to self-improvement, as well 
as for more sociable purposes, leading to better knowl- 
edge of one another and of each individual’s problems. 
As a national entity it has certain functions and re- 
sponsibilities which cannot and should not be delegated. 

It is the spokesman for the profession; it should point 
out to management shortcomings in their relationship to 
their engineer employes, and suggest remedial steps. 
It should establish professional standards and obtain 
from the members not only minimum compliance with 
such standards but encourage that they be excelled. It 
should establish those meetings and conferences where 
the social phase of the association are fostered. AIME 
should consider itself in its relation to the profession 
in much the same light as the Bar Association is the 
professional society for lawyers, or the Medical Asso- 
ciation for doctors. 

Its purpose would be achieved when all minerals 
engineers and their associates would be enrolled in the 
Institute, and its prestige established to a — where 
it could then seek for improvement of both the mate- 
rial and spiritual recognition of the profession. 

Since the basis of Engineering is technical knowledge 
and experience in the many diversified fields of the 
profession, it is then up to the three Societies, and their 
even more specializ Divisions and Conferences, to 
foster this technical sphere of activity. Of course the 
social phase of these smaller groups is even easier to 
attain in view of the closer relationship between men 
engaged in the same specialized field of activity. 

he Local Section has a different function, in that it 
brings together at closer intervals engineers whose 
fields of activities are diversified, but whose residence 
is the essential basis of their association. The Section 
should have a broadening effect on the engineer, in 


MINING 


engineering 


that he can present his own problems to his colleagues 
in other fields, in that he can thus realize his relation- 
ship to the entire field of minerals engineering, and 
thus sally forth from his own technical tower of ivory 
into the larger world. d 

But all of these, National Institute, Societies, Divi- 
sions, Local Sections, should afford the individual 
engineer the chance to participate in their work. As 
will be brought out further, the individual has certain 
responsibilities to the group; it is up to the group to 
furnish the occasion and to encourage the discharge of 
these responsibilities through presentations, committee 
work, administrative offices, etc. 

Due to the highly specialized aspects of his knowl- 
edge and activity, the professional minerals engineer, 
be his title that of mining, metallurgical, petroleum, 
| neg oem or be he simply a graduate of the schocl of 

rd knocks, has certain specific responsibilities to so- 
ciety in general and to his employer in particular. He 
is very much like a doctor or a lawyer in that he is in 
a position of trust for which he was hired to accomplish 
certain results, in which the technical details are left, 
perforce in many cases, to his ingenuity, ability, hones- 
ty, and responsibility. He is therefore part of the 
management team, although it may appear to him, at 
least in the early training stages of his professional 
development, that he is neither tish nor fowl. 

The broadening influence of the diversified interests 
of the engineers who belong to a Local Section because 
of their residence in an area is essential to the engineer 
if he is to fulfill his own development as a member of 
society, of a professional group. He must learn to see 
the forest not the trees. On the other hand he should 
contribute of his own in a fair exchange of viewpoints 
and knowledge with his peers. It is a two-way process, 
a reversible reaction. Since there must be administra- 
tive duties, in order for any organization to live, he 
should assume, wherever he can, his share of the bur- 
den of these duties and enter into committee work as 
his occupation and private life affords. 

There isn’t one among us who is entirely self-suffi- 
cient unto himself, all the more so where the engineer’s 
stock-in-trade is based on knowledge and experience. 
We are all indebted to those who have preceded us, 
or to those who work side by side with us for this 
knowledge. It is a responsibility of the engineer to 
share his own knowledge, acquired through study or 
experience, with his colleagues. From a selfish point of 
view, the individual always receives more than he 
gives, even if it is only the mere fact that in trying to 
convince a dissenter he has to marshall his own argu- 
ments and thus clarify those facts which, only too 
often, remain unexpressed in his own mind. Presen- 
tation of technical papers, participation in discussions, 
and exchanging ideas are part of this share-the-wealth 
program which leads to individual advancement in the 
technical aspect of the engineer’s professional baggage. 

In his striving for advancement the cooperation of 
the engineer with his professional society is essential. 
It is not only in that he advances his own stature and 
position within the profession, but also that he furthers 
the profession as a whole. It is not a concept of class 
oanere. but one of compelling better material and 
spiritual recognition through merit and accomplish- 
ment. It is only by the cooperation of each individual 
with those standards of conduct, by compliance with a 
code of ethics, and by the wholehearted effort of the 
individual, that the institute can attain the position 
where it can be the spokesman of the Profession. It 
means not only work for those who can serve as officers 
or committeemen, it also means interest in the growth, 
the activities, and the well-being of AIME. 

Thus the reversible reaction which started on a local, 
sectional basis actually extends throughout all of the 
Institute and to each and every member. It is only by 
this exchange of services that the engineer and his 
profession may advance towards fulfilling the definition 


offered above. 
—Charles E. Golson 
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record in mineral production was regis- 
tered for the year 1956. Output was valued at 
$17.3 billion, a substantial gain over the 1955 total 
of approximately $16 billion. The increase was 
mainly due to greater production, said Secretary of 
the Interior Fred A. Seaton, but some contribution 
to the higher value was made by an increase in the 
price of certain commodities. 

The value of fuels rose 11 pct. Nonmetals gained 
by 10 pct; and metals, because of greater output of 
copper, lead, and zinc, rose 9 pct. 

Demand for copper early in the year drove the 
price to a 90-year high of 46¢ per lb, a level that 
was maintained until July. When supplies met de- 
mand the price fell to 36¢ per lb and by year-end 
some producers were slowing their output. A recent 
further drop in price may force more cutbacks. 

Titanium sponge production almost doubled dur- 
ing the year and with it prices of the metal dropped 
from $3.45 per lb at the beginning of the year to 
$2.75 in December. Similarly, prices dropped more 
than $2 per lb on some mill products. Rising demand 
boosted domestic output of rutile to about 12,000 
tons and imports reached a record 37,458 short tons. 
Greater production permitted much increased effi- 
ciency. 

Bauxite production about equaled 1955 output— 
1.8 million LT. Imports rose 15 pct to an estimated 
6 million tons. A record 1.7 million tons of primary 
aluminum was produced despite the August strike 
which caused a loss of about 75,000 tons of mate- 
rial. By year’s end, production was rated at 1.78 
million tons annually. If projected plant construc- 
tion now underway meets its schedule, primary alu- 
minum capacity will rise to 2.5 million tons annually 
by the end of 1958. 

Eight pct less iron ore was produced in 1956 than 
in 1955. Strikes caused a shutdown of most mines 
for about 70 days in midsummer. The loss was not 
made up by a record rate of production in the last 
half of the year and extension of the shipping season 
on the Great Lakes. Imports of iron ore constituted 
approximately 24 pct of the total supply. 

Mine shipments of chromite decreased in spite of 
incentive prices in a field of expanding demand. 
Imports made up more than 90 pct of new material. 

Domestic manganese output is estimated at 14 pct 
higher than the previous year, and premium prices 
were paid by the government. Foreign prices 
jumped sharply, partly because of reimposition of 
Indian export duties, and partly because of rising 
freight costs that followed the closure of the Suez 
Canal. 

The major molybdenum producer processed mate- 
rial of a lower grade and domestic production of the 
metal dropped off. But domestic consumption and 
exports were higher than in 1955. 

More tungsten was produced than was needed. 
To make the adjustment to market conditions easier 
for domestic operators, the government provided 
for purchase of an additional 1.25 million short tons 
of tungsten trioxide at $55 per ton. 

An increase was seen in output of almost all non- 
metals. The upstep went hand-in-hand with growth 
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in the ceramic, chemical, construction, and fertilizer 
industries. 

Values for the three major mineral groups are 
listed in the following table: 


U. S. Mineral Production, 1955-1956 


Nonmetallic minerals 


1955 1955 
Fuels $10,846,000,000 $11,805,000,000 
Other 3,083,000,000 3,292,000,000 
Total nonmetallics 13,929,000,000 15,097,000,000 
Metal minerals 2,041,000,000 2,239,000,000 
Grand Total 15,970,000,000  17,336,000,000 


ee URING the last ten years our labor and supply 

costs have risen about 100 pct,” said J. D. 
Bradley, president of the Bunker Hill Co. recently, 
“whereas the prices of lead and zinc have only in- 
creased 15 pct. The fact that lead-zinc producing 
companies have maintained a reasonable profit per- 
formance under these conditions is a real credit to 
the industry.” 

He said that the outlook for lead, despite an “un- 
exciting recent history,” appeared substantially 
brighter than it had in the past. Increased consump- 
tion is evident in tetraethy] lead, lead oxides, storage 
batteries, solder, and atomic shielding. Moreover, 
he noted, use losses of lead in the paint, foil, and 
cable industries have seemingly reached their low 
point. 

President Bradley also put emphasis on the strong 
growth rate in die casting and galvanizing uses of 
zinc. The future for special high grade material 
looks especially good, he said, pointing out that 
while the zinc industry as a whole had grown 30 pct 
in the last 15 years, the consumption of special grade 
zine for die castings had increased by six times this 
rate. 

High grade zinc has a bright future on the world 
level as well, he said. “During the past four years, 
Great Britain, France, Germany, and Italy, have 
increased their yearly per capita usage of zinc for 
die casting from 0.5 to 0.8 Ib, or 60 pct. At the 
same time the U. S. has registered a gain of from 
3.0 to 4.9 lb, or 63 pct.” The lag per capita between 
the four countries mentioned and the U. S. is still 
4.1 Ib, but the gap is expected to narrow as world 
living standards rise. In line with this rise and 


ignoring new uses, he declared, there is reason to 
believe that the current oversupply of both lead and 
zine will be absorbed. But because prices have not 
advanced as fast as costs, research programs are 
being sharply expanded by lead-zinc companies and 
associations. 
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UMMATION of the natural resources and eco- 

nomics of all the countries of the Western Hemis- 
phere is contained in Senate Document 83 which is 
available upon request from the Committee on In- 
terior and Insular Affairs, United States Senate, 
Washington, D. C. 

The 619-page volume covers factors affecting self- 
sufficiency in materials within these nations and 
was undertaken pursuant to a Senate resolution to 
investigate the accessibility and availability of sup- 
plies of critical raw materials. A similar document, 
limited to the U. S., was made available at the 
Annual Meeting two years ago but such distribution 
of the new report was not practicable this year. 


ERTIFICATES of management excellence for 

1956 were awarded to 410 American and Cana- 
dian companies this year by the American Institute 
of Management. Using a point schedule which re- 
quires 7500 of a possible 10,000 points for an excel- 
lence rating, basic categories of performance judged 
are: economic function, corporate structure, health 
of earnings, service to stockowners, research and 
development, directorate analysis, fiscal policies, 
production efficiency, sales vigor, and executive 
evaluation. 

Among the companies receiving the awards are a 
large number which are concerned with primary 
metal and non-metal production as a principal 
activity or which number such production among 
their major activities. These firms are: Aluminium 
Ltd., Aluminum Company of America, American 
Cyanamid Co., American Metal Co. Ltd., Armco 
Steel Corp., Bethlehem Steel Corp., Consolidated 
Mining & Smelting Co. of Canada Ltd., Dow Chemi- 
cal Co., Freeport Sulphur Co., M. A. Hanna Co., 
Harbison-Walker Refractories Co., Homestake Min- 
ing Co., Hudson Bay Mining & Smelting Co. Ltd., 
Ideal Cement Co., Inland Steel Co., International 
Minerals & Chemical Corp., International Nickel 
Company of Canada Ltd., Johns-Manville Corp., 
Kennecott Copper Corp., Lone Star Cement Corp., 
Minnesota Mining & Mfg. Co., Monsanto Chemical 
Co., National Gypsum Co., National Lead Co., New 
Jersey Zinc Co., Newmont Mining Corp., Noranda 
Mines Ltd., Pennsylvania Salt Mfg. Co., Phelps 
Dodge Corp., Pittsburgh Consolidation Coal Co., St. 
Joseph Lead Co., Texas Gulf Sulphur Co., Union 
Carbide & Carbon Corp., U. S. Gypsum Co., U. S. 
Smelting Refining & Mining Co. 


N anniversary salute is due the U. S. Coast and 
Geodetic Survey which this year celebrates 150 
years of land and coast surveying and charting. Its 
value extends to many fields—from tide tables for 


bathers to starting points for surveyors. Its course 
over the years has been marked by patient accumu- 
lation of vital data and by much new information 
on marine currents, magnetic disturbances, earth- 
quakes, and solar activities. The Survey has set up 
nearly 400,000 altitude bench marks, and more than 
150,000 triangulation stations that pinpoint longitude 
and latitude. 


ONFIDENT plotting of the future course of 

lithium by direct handling of basic research 
problems of the industry may result from the recent 
formation of the American Lithium Institute. The 
new organization will back an extensive program 
scrutinizing the uses of lithium and its compounds 
in the fields of metallurgy, chemistry, nucleonics, 
and ceramics. 

Formed by three leaders in lithium—American 
Potash & Chemical Corp. (American Lithium Chemi- 
cals), Foote Mineral Co., and Lithium Corp. of 
America—the institute will guide and support proj- 
ects which will be assigned to various universities 
and research institutions. 

Much of lithium’s present importance lies with 
still classified uses. But more lithium salts are be- 
ing employed in highly stable all-purpose greases, 
industrial air conditioning units, welding fluxes, 
enamels, and glass; and the metal itself has been 
used as an alloying material. Much interest is also 
focused on newer outlets such as catalysts for the 
plastics industry and missile fuels. 

There is reason to believe that lithium will be no 
short-term wonder in the mining industry. Even 
though present operations have ade juate reserves 
for reasonable demands, there are increasingly more 
solid grounds for greater activity than was evidenced 
a few years ago when lithium prospects evoked no 
enthusiasm in most mining firms. 


ONG-TERM usefulness of the Geological Sur- 

vey’s data and interpretations was notable in re- 
cent months in the uncovering of a new zinc district 
in the Copper Ridge in Tennessee, and in new de- 
velopments in the Blackbird district, Idaho, and the 
Iron River district, Mich. 

Systematic geologic mapping and study of active 
and potential mining districts was made through 98 
projects in 27 states during 1956. 

The Survey’s annual report cites publication of 
some 3019 new or reprinted topographic, geologic, 
and special maps—a considerable increase over the 
previous year. More than 18,000 different maps are 
now available in the national topographic series. 
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This is one of six CAT* DW21s with No. 21 Scrapers 
which handled one million tons of clay and rock during 
a Nevada winter. Working 20 hours a day, six days a 
week, these machines stripped overburden at a copper 
pit near Kimberly. Each unit loaded 15 bank yards in 
one minute (push-loaded by a Caterpillar D8 Tractor), 
made the half-mile round-trip haul, and then dumped 
in 25 seconds. These fast-working yellow rigs are 
owned by Young & Smith Construction Co. of Salt 
Lake City, Utah. 


Outstanding though this production record is, there 
is now a new Caterpillar DW21 (Series C) and No. 470 
Scraper with LOWBOWL design which will move even 
more material in shorter time at less cost per yard. Its 
new four-cycle diesel engine develops 300 HP (maxi- 
mum output) and has a Turbocharger which packs in 
air according to load, not speed, for more working 
horsepower and greater performance. 


With LOWBOWL design, the 25-yard (heaped 
capacity) No. 470 Scraper can handle bigger payloads 


faster than ever before. The bowl is shallower, wider 
and longer than old-fashioned scrapers for less resist- 
ance throughout the loading cycle. In on-the-job tests, 
the Cat DW21 and No. 470 Scraper handled at least 
20% more material than any other unit in its class. 


Whether for coal or metal mining, the application 
of the Caterpillar DW21 and No. 470 Scraper is the 
same. With ample power, large capacity, and wide- 
footprint tubeless tires for good flotation, this big 
yellow team can speed production and cut costs on 
your operation. Your Caterpillar Dealer—who provides 
skilled service and parts you can trust—will gladly 
give you full details. Call him soon. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


CATERPILLAR’ 


*Caterpilias and Cat are Registered Trademarks of Caterpiliar Tractor Co 
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Elmer A. Jones 


A. Jones, first presi- 
dent of the Society of Min- 
ing Engineers of AIME, is 
Manager of Southeast Mis- 
souri Div. for St. Joseph Lead 
Co. He truly represents the 
miners of the Society. 

Born in Minneapolis on 
Aug. 11, 1902, he attended 
public schools in his native 
city and graduated from the University of Minnesota School of Mines in 
1924 with a degree in mining engineering. Mr. Jones began his career as an 
engineer with the Minnesota State Highway in 1924 and in 1925-1926 he 
worked for what is now part of Tennessee Copper Co. in Ducktown, Tenn. 

Elmer Jones began his long association with St. Joe in 1926. Before assum- 
ing his present position of division manager, he had served the company, 
successively, as mine surveyor, safety inspector, mine engineer, mine super- 
intendent, and assistant general mine superintendent. During his long career 
with St. Joe he participated from the very inception of mine mechanization 
in the district. Two of his AIME technical publications have dealt with this 
subject and he is considered an authority on trackless mining operations. 

Besides his varied career in engineering and his contributions to the pro- 
fessional society, Mr. Jones has been active in civic affairs. His home is in 
Bonne Terre, Mo., where he has served as a member of his local school 
board, as well as filling the office of president for seven years. He has been 
a participant in such diversified groups as the Rotary Club, the Executive 
Council of Boy Scouts (St. Louis), Rivermines Engineers Club, and the 
Missouri Athletic Club. 

Mr. Jones married Celeste Phillips Jones of Rogersville, Tenn., and they 
have three sons, Stanley Gordon, James Irvin, and John Thomas; a daughter, 
Celeste Phillips Jr.; and, to date, one daughter-in-law. When not busy with 
his many professional and civic activities, he enjoys working in his garden— 
its tulips and shrubs being his specialty—and occasionally manages to 
squeeze in a fishing trip. 
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Sherritt Gordon 


Nickel Copper Mines 


Operations at the Lynn Lake plant in northern Manitoba 


by Alan E. Gallie 


are now a part of Canadian mining practice. These projects 


HERRITT Gordon Co. was formed in 1927 to ex- 

ploit a copper zinc orebody located in the bush 90 
miles north of The Pas, Manitoba. The mine went 
into production in 1931, operated for a year and a 
half, and closed because of the low price of copper. 
Reopened in 1937, it operated continuously until 
mined out in 1951, producing 8.5 million tons of ore. 

From 1937 on Sherritt Gordon conducted an ener- 
getic prospecting program throughout northern 
Manitoba, giving particular attention to the belt of 
favorable greenstone rocks north of the Churchill 
River. From 1937 to 1941 a number of gold show- 
ings were located but nothing of economic value was 
found. 

In the fall of 1941 Austin McVeigh, one of the 
company’s prospectors, discovered a small showing 
in a muskeg north of what is now known as Lynn 
Lake. A splash of massive pyrrhotite and some dis- 
seminated sulfides showed, associated with diorite. 
Specimens assayed ore grade in nickel and copper. 
But war was taking increasing toll of prospecting 
activities, and further exploration was left until 
better times. 

During the late summer of 1945 Tiberg magneto- 
meters located anomalies in the immediate area of 
the original discovery, and a few boulders were 
found that contained disseminated sulfides of ore 
grade. Late in the fall a diamond drill was flown 
into the area and dragged across four miles of 
swamp and bush to the scene of the A anomaly. The 
first two holes were unsuccessful, but the third hole, 
drilled vertically at the highest magnetic reading, 
cut 100 ft of disseminated sulfides averaging 1.55 pct 
Ni and 0.69 pct Cu. A systematic coverage of the 
whole area by Tiberg magnetometer revealed many 
anomalies, but subsequent diamond drilling indi- 
cated that most of these were caused by magnetite. 

Some other method of geophysical survey would 
have to be used. Sherritt Gordon, cooperating with 
C. S. Davidson, pioneered an _ electromagnetic 
method that greatly improved the technique and 
reduced the number of anomalies to a reasonable 
figure for diamond drilling. Today 90 pct of all the 
geophysical work is done with electromagnetic 
equipment. 

The Lynn Lake area is typical of most of the 
northern Manitoba section of the Pre-Cambrian 
shield—a peneplain with low relief, almost entirely 


A. E. GALLIE is Manager of the Lynn Lake plant, Sherritt Gordon 
Mines Ltd., Lynn Lake, Manitobo. 


present special problems as development continues. 


covered with muskeg, sand plains, and lakes. Mus- 
keg areas are always underlain by permafrost. The 
forest is mostly black spruce and jack pine—a tree 
25 ft high and 6 in. at the butt is considered timber. 

Under these conditions prospecting by geophysical 
methods is the only solution, and except for ore- 
bodies recently discovered in the course of under- 
ground exploration, all orebodies were located by 
geophysical work. No outcrop of any orebody is 
known. The whole property has now been covered 
by electromagnetic survey and a large part of it by 
magnetometer. Readings were taken on lines 100 
ft apart at intervals of 50 ft. Two thousand and 
fifteen miles of lines have been cut for this work, 
and an area of 42.4 sq miles has been covered at an 
overall cost of $5212 per sq mile. 

The first diamond drilling was done with small 
machines and EX-size equipment. All supplies for 
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the early work and the gear itself had to be flown 
in by small float or ski-fitted aircraft. When winter 
freighting started, larger diesel machines and AX 
rods were used. 

Anomalies were drilled with one vertical hole 
located at the best electromagnetic crossover and 
close to the highest magnetic reading. This was 
usually found sufficient to decide the value of the 
geophysical indication. If ore material showed, a 
section across the zone was drilled with holes on 
50-ft centers to a depth of 500 ft. Where it was 
necessary to drill to 1000 ft, holes were spaced 100 
ft apart. Because the orebodies were small, surface 
exploration below 1000 ft was never successful. 

As the picture of the orebodies developed they 
were generally found to be vertical or steeply in- 
clined, round and small in horizontal section, and 
associated with considerable faulting. Because of the 
faulting it was necessary to deepen many of the 
holes, first removing as much as 150 ft of ice before 
redrilling. No special technique was needed for the 
permafrost, however, as underground temperatures 
were never severe. 

By the end of 1946 three orebodies had been lo- 
cated and drilled and 5 million tons of ore averaging 
1.18 pct Ni and 0.60 pct Cu had been proved. All of 
these orebodies were associated with the north in- 
trusive basic plug. Early in 1947 an anomaly was 
found which had readings up to 15,000 gammas in an 
area outside the known plug. Although it was con- 
sidered too high to be an orebody, electromagnetic 
results were also good, indicating the shape to be 
roughly circular and 300 ft in diam. Hole No. 160, 
located on the highest magnetic reading, became 
the hole that made Lynn Lake a mine. The log is 
as follows: surface to bedrock, 15 ft; to 37 ft, barren 
hornblendite; to 639 ft, a core of massive sulfides. 
Pentlandite and chalcopyrite were both obvious in 
a ground mass of pyrrhotite. The grade of the inter- 
section was 4.87 pct Ni and 1.71 pct Cu. This hole 
gave no information on the shape of the deposit, 
but because of the dimensions of the anomaly it was 
decided to drill the whole area on 50-ft centers. 
When the job was completed the EL deposit con- 
tained 2,445,000 tons grading 2.50 pct Ni and 0.93 
pet Cu. Information from this close drilling was so 
complete that no underground work was done prior 
to going into production. Subsequent underground 
development did not alter any of the conclusions 
with regard to the orebody. 

The EL orebody was peculiar in that it was found 
in a small basic plug of 1300-ft diam entirely sepa- 
rate from the other plugs. The country rocks outside 
the plug are sediments, the main mass of the plug 
is diorite, and a core of amphibolite enclosed the 
orebody itself almost exactly in the center of the 
structure. 

Surface drilling on the main property at Lynn 
Lake now totals 41 miles, almost entirely AX size, 
at $2.73 per ft. Underground development drilling 
totals 29 miles, EX size, at $1.93 per ft. 

As importance of the discovery increased, it be- 
came obvious that a considerable development pro- 
gram would be required. The only means of trans- 
portation was by rail to Sherridon and from Sher- 
ridon by plane for a distance of 120 air miles. Cost 
by plane was about 10¢ per Ib, and the size of avail- 
able aircraft placed limitations on what could be 
moved. Early in 1946 a tractor road was cut through 
to Lynn Lake, crossing low, flat muskeg areas and 
connecting with lakes wherever possible. For winter 


freighting with tractors, 4 ft of ice on the lakes is 
desirable. 

In the fall, as soon as the lakes are frozen thick 
enough, snowmobiles are put on the road to tramp 
down the snow and allow the frost to penetrate well 
into the road bed. When the ice on the lakes is about 
2 ft thick, a light tractor outfit called the work crew 
begins dragging the portages, filling pitch holes, and 
generally improving the trail. By the first of the 
year regular freighting gets under way. The unit 
of transportation, called a swing, consists of three 
tractors, each hauling up to six sleighs; one unit 
hauls a heated caboose-bunkhouse where the cook 
holds forth. Operation is continuous, with a crew 
of six drivers and two brakemen working 4 hr on 
and 4 hr off. 

The best power unit is a Dé Caterpillar tractor. 
International TD18’s are also used, and on good 
roads and lakes a special type of ski-steered crawler 
tractor called a Linn tractor can haul tremendous 
loads, traveling up to 11 mph. A Caterpillar ma- 
chine is wide open at 4 mph. 

The specially constructed freighting sleighs are 
loaded to about 8 tons each. Special equipment and 
extra heavy pieces weighing as much as 30 tons are 
hauled on sloops and slide directly on the road. 

The number of swings varies according to the 
tonnage to be handled in any year. In the two big 
tonnage years eight swings were on the road all 
season. At the end of the railroad a crew made up 
the loads and yarded sleighs. When a swing came in 
from the north the empty sleighs were dropped, the 
cookhouse was backed up to the woodpile, and the 
tractors were sent to the garage for greasing and 
oil change. As soon as the machines were ready, 
the loaded strings of sleighs were hooked on, the 
caboose was attached, and another trip was under 
way. Some 48 hr later the swing pulled into Lynn 
Lake, dropped its loads, hooked onto waiting strings 
of empties, and in an hour started on the return 
journey. 

With each succeeding year, as the scale of opera- 
tions increased, more and more material came in 
over this road. When the decision to go into pro- 
duction was reached and the Sherridon plant began 
its trek to the new mine, tonnages went as high as 
12,000 tons in a single season. Finally, when the 
town of Lynn Lake was organized, nearly all the 
town of Sherridon was successfully moved over the 
road—houses, two-story buildings, the school, two 
churches, the bank, and the post office. All mainten- 
ance supplies and all the construction material for 
the mining and milling plant—more than 40,000 
tons—came in over this road. 

Winter freighting like this is not without danger. 
On two occasions lives were lost when machines 
went through the ice. The salvage operation that 
follows the loss of a tractor through the ice is a 
story in itself. It is enough to say that no tractor 
remains in the bottom of a lake on the Lynn Lake 
road, despite the fact that in a particularly bad ice 
year six were in at one time. 

Most of this great freighting job was done on 
contract by the Patricia Transportation Co. The 
overall laid down cost per ton of freight over 165 
miles of rugged winter road in a cold and tough 
country was $56. 

Preliminary surveys hac shown that the best rail 
route would be a continuation of the existing branch 
line at Sherridon, a distance of about 145 miles, 
with three large bridges to cross the Churchill River. 
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ABOVE: Sherritt Gordon Mines Ltd. plant 
at Lynn Lake, Manitoba. RIGHT: Lynn 
Lake area. Typical peneplain of the nor- 
thern Manitoba section of the Pre-Cam- 
brian Shield. 


ABOVE: Longhole drilling setup at Lynn Lake. UPPER 
RIGHT: Specially constructed sleighs have capacity of 8 
tons. LOWER RIGHT: Canadian National Ry. tracklayer, the 
Pioneer. 
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The Canadian National Ry. agreed to build a line if 
enough ore could be found to operate a plant on a 
scale of 2000 tpd for 20 years. 


Since five orebodies had been found from surface 
and tonnages proved to 1000 ft, it was decided to go 
underground in the area of the A, B, C, and E ore- 
bodies and open these deposits on the 1000 level. 
Additional drilling could then be done from this 
horizon to explore the ground for the next 1000 
ft. No underground program was undertaken at the 
EL orebody because the tonnage possibilities here 
seemed to be limited. 

At A mine, the only appropriate site, a shaft was 
sunk to 1000 ft and later deepened to 1627 ft before 
production started. Mucking was done by hand. 
This five-compartment shaft consists of two skips, a 
large cage, a counter balance and pipe compartment, 
and a ladderway. Fir timber 8x8 in. was used 
throughout with sets on 6-ft centers. Cost of the 
completed shaft was $314.90 per ft. The EL mine 
was later opened by a small three-compartment 
shaft at a cost cf $167.16 per ft. 


For the purpose of comparing Lynn Lake figures 
on specific work with costs at other operations, 
freighting costs were kept in a separate account and 
never redistributed. Unless specifically mentioned, 
therefore, no winter tractor freight charges are in- 
cluded in the cost figures presented here. 


One level, the 12th, was opened on the 1000-ft 
horizon, exposing the A, B, and C orebodies. The E 
orebody was found to bottom just above the 12th 
level. Feed for a pilot mill was obtained from each 
orebody. Local wood at $14.50 per cord was burned 
to supply steam for hoisting, and diesel power sup- 
plied compressed air and electricity. Drifting costs 
were high—$50.58 per ft. 

By the end of 1950 ore reserves stood at $14,055,- 
000 tons, grading 1.22 pct Ni and 0.62 pct Cu. The 
Canadian National Ry. prepared to build the rail- 
road. 

Further search for ore was abandoned and every 
effort was made to get the mines ready for pro- 
duction. Pilot plant operation had shown the ore 
amenable to high grade flotation concentration with 
good recoveries, and equipment from the 2000-tpd 
mine at Sherridon was ideally suited to Lynn Lake. 
With the development of the Forward process Sher- 
ritt Gordon had eliminated the need for a smelter at 
the mine—concentrates would be turned into metal 
at a chemical plant on the prairies situated close 
to natural gas. 


On Sept. 17, 1951, the last ore went through the 
crusher in Sherridon. In September 1953, just two 
years later, the first ore went through the same 
crusher at Lynn Lake. The nickel spike was driven 
on Nov. 9, 1953, by the president of Canadian Na- 
tional Ry. in the yard behind the mill as the first 
concentrate was being loaded into railway cars. 


Preliminary surveys had shown the feasibility of 
developing power for the project on the Laurie 
River, 45 miles south of the mine. The Laurie River 
development now comprises a concrete dam and a 
powerhouse with two 3500-hp turbine generators 
operating under a head of 55 ft; two upstream stor- 
age dams; a diversion dam; and a 69,000-v trans- 
mission line. The total cost of $4,088,000 includes all 
winter freighting costs. Other sites on the Laurie 
River can provide for any needed expansion up to 
18,000 hp, and the transmission line has been de- 
signed to carry all the power that can be developed 


Costs Per Ton at the Lynn Lake Plant 


Direct development at A and EL orebodies $0.39 
Stoping and handling $1.42 
Surface crushing and concentrating $1.07 
General expense $0.90 

Total $3.78 
Surface exploration and other development $0.26 

Total mine costs $4.04 


Two mines are in production and two orebodies 
are being mined to date—the A orebody and the 
high grade EL orebody. The A mine operates at 
1500 to 1700 tpd and the EL mine at 700 to 800 tpd. 
A 25-ton diesel electric locomotive hauling 10-ton 
Granby-type cars carries ore from the EL mine to 
the concentrator at the A mine over a narrow-gage 
railway 2% miles long. 

The orebodies are pipelike and nearly vertical, 
with good rock walls, and lend themselves to open 
stope mining with sublevels at 75-ft intervals. Pri- 
mary breaking in the stopes is done by longhole ring 
drilling with tungsten carbide bits, sectional steel, 
and 4-in. percussion machines. Drilling is done 
from 8x 8-ft peripheral drifts or crosscuts. The 
original slot between sublevels is made from vertical 
4x 4-ft raises driven well ahead of stoping without 
the aid of timber, and the opening is completed by 
breaking through from above. The law permits 
driving these untimbered raises to a height of 60 ft. 

Ore is drawn from stopes through nearly hori- 
zontal scrams. Originally these were finished with 
concrete to 7 x 9 ft including wear rails in the bottom 
and sides, but if scrams are used again they will be 
left raw. Drawpoints are on one side only, on 30-ft 
centers, and are 6 ft wide by 5 ft high with 45° 
bottoms. The most successful mill holes, about 30- 
in. diam, are made with discarded lines from the 
54-ft shorthead crusher. Sixty-horsepower electric 
hoists supply the scraping power, pulling 60 or 66- 
in. scrapers, the smaller in the extremely heavy high 
grade at the EL mine. Both folding and box-type 
scrapers are used. 

The scrams discharge to orepasses feeding di- 
rectly to the jaw crushers, which in turn discharge 
onto 30-in. conveyors to the loading pockets. Con- 
ventional skips handle the ore to the headframe bin. 

At each mine 5000 to 7000 cfm is delivered through 
a ventilation shaft connected with the tail end of 
every scram. There is always fresh air in all work- 
ing places in the mine. In winter when the tempera- 
ture falls to 50° or 60° below, a 150-hp boiler at the 
A mine and an 80-hp unit at the EL mine heat the 
required air so that it can safely be taken under- 
ground. 

During 1955, when the plant operated at capacity, 
761,000 tons of ore were hoisted, at a rate of 2087 
tons per calendar day, 22.71 tons per manshift 
underground, and 6.22 tons per man on the payroll. 

Blasthole drilling yields 4.2 tons per foot of hole, 
with a primary powder factor of 0.35 lb per ton and 
a secondary powder factor of 0.18 Ib. One of the 
advantages of the system is a year-end figure of 
382,000 tons drilled off and ready to blast. 

Production has been carried out on the fringes 
of the north, on the edge of the barren lands, and 
costs are shown to be reasonable. It can be expected 
that more and more mines will be successfully oper- 
ated in the northern extremes of the continent. 
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Longhole Method 


of Mining Anthracite 


by G. H. Lovell, W. J. Parton, and J. J. Crane 


bs 1949 Lehigh Navigation Coal began a study to 
improve its mining methods. At this time the 
company mines were using conventional breast and 
pillar and slant chute methods to mine the steeply 
pitching coal (40° to 90°). Mining costs were high, 
the miners’ productivity low. There were many 
hazards typical of the methods employed. 

Coal seams in the Panther Creek Valley area of 
the southern anthracite field form a syncline dipping 
40° to the south and 75° to 80° to the north, the 
lowest point 1500 ft from surface. Several contigu- 
ous veins 7 to 50 ft thick are mined. Characteristic 
folding is shown in Fig. 1. 

Studies indicated that considerable time would be 
needed to adapt continuous mining and other me- 
chanical methods to prevailing conditions in the 
area. It was agreed that to mine the anthracite 
more efficiently the longhole drilling tried in 1937 
could be best adapted in a short time. The new 
method employing this principle was not to be used 
exclusively for removing pillars between breasts 
but was to be the chief method of mining, eliminat- 
ing the past practice of primary and secondary 
mining. Rock and coal development were to be held 
to a minimum, and the whole vein was to be drilled, 
blasted, and removed as rapidly as possible. Appli- 
cation of longhole methods in mining coal of course 
presented difficulties—there was danger of gas ex- 
plosions and mine fires from blasting operations, and 
the presence of methane gas required suitable ven- 
tilation systems. 

Preliminary Experiments: Success with any min- 
ing system employing the longhole method depends 
on correct use of a blasting technique that permits 
the material to be blasted to a free-face at right 
angles to the line of the hole. The free-face toward 
which the blast is directed is generally obtained by 
driving a conventional breast or chute and blasting 

G. H. LOVELL, W. J. PARTON, and J. J. CRANE, formerly asso- 
ciated with Lehigh Navigation Coal Co., are now, respectively, 
Superintendent, Lansford Colliery, Panther Valley Coal Co. Inc., 
Lansford, Pa.; Assistant to the President, The General Crushed 
Stone Co., Easton, Pa.; and Executive Vice President, Panther Val- 
ley Coal Co. Inc., Lansford, Pa. 
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Jeffrey A-6-A drill mounted on specially designed column. 
This type of drill is very light and flexible. 
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Fig. 1—Cross section showing veins in Panther Creek Valley mine. Thickness of these veins varies from 7 to 50 ft. 


into it when it has been at least partially emptied. 
Loose material is left as a buffer. 

Early experiments were conducted on a new level 
of the No. 6 mine at Lansford colliery. The Mam- 
moth vein on this level was about 45 ft thick and the 
pitch 41° to the south. The vertical lift to the level 
above was 100 ft. 

Several objectives were set up for these tests. All 
development, drilling, and blasting were to be done 
outside the coal seam. Separate crews were to carry 
out these jobs, and another crew was assigned to 
load the blasted coal into mine cars on the main 
haulageway. 

Fig. 2 shows the development used for this system. 
The 8x12-ft haulageway was driven in the Skidmore 
vein, which lies about 30 ft below the Mammoth 
vein. Rock chutes were driven off this haulageway 
on 60-ft centers to the Mammoth vein and were con- 
nected by chutes driven toward each other at 33° 
pitch. The tops of the slant chutes were connected 
with a 6x5-ft crosscut. Rock holes were driven back 
to the coal from these rock slant chutes on 20-ft 
centers, providing taps through which the broken 
coal would eventually be drawn. A return 8x10-ft 
airway was driven 12 ft under the Mammoth vein 
in an elevated position about 50 ft (pitch distance) 
above the haulageway. This heading was to be used 
as the opening from which the Mammoth vein would 
be drilled, charged, and blasted and would eliminate 
the necessity of driving a development opening in 
the coal. The ventilation system used 6000 cfm of 
air, which entered the haulageway and exhausted 
out the airway, after sweeping through the slant 
chutes and rock tap openings to the vein. 

While the development work was going on in the 
rock, a breast 24 ft wide with 6x6-ft companion 
chute was driven along the bottom rock from the 
sixth level to the fifth level gangway. Cutbacks 
were taken off every 15 ft as the breast advanced up 
the pitch. Blasted coal filled the breast to enable the 
miners to work at the face. This phase of the opera- 
tion conformed to existing mining practice. 

An air-operated noncoring blasthole diamond drill 
was set up in the drill heading and holes were 
drilled through the intervening rock into the vein. 
These holes, bottomed in the top rock or in the gob, 
were fanned vertically as shown in Fig. 2, with 
drilling lines on 10-ft centers. One hole was drilled 
into the fifth level stump gangway to test for the 
presence of water. After a drill round was com- 


pleted in the drill heading, the equipment was 
moved down to the slant chute to undercut the block 
of coal for loading. This was done by using a burn 
cut (Fig. 2) of multiple holes near the center. 

Drilling the holes in the coal with the diamond 
drili was not successful. Where the coal was soft 
and shelly, the water used to remove the cuttings 
washed cavities in the vein which later caused diffi- 
culty when the holes were charged for blasting. 
Also, the coal cuttings blocked up, damming the 
water in the hole so that they could not be removed 
uniformly. A drill equipped with auger drill rods 
and tungsten carbide bits put an end to these prob- 
lems and was used for all drilling in coal from that 
time on. 

Permissible explosives were placed in each hole, 
with Primacord and at least two millisecond delays 
to insure detonation. (Fig. 2 shows the length of 
hole and the distribution of powder.) As successive 
lines of holes were drilled, charged, and blasted, 
enough coal was drawn off to provide for expansion 
of the coal mined. 

The seam consisted of a 7 to 10-ft section of soft 
coal on the bottom rock, a slate divider 1 to 3 ft 
thick, and 35 ft of hard coal above the divider. As 
the vein was not uniform, recovery with the experi- 
mental system was unsatisfactory—when the whole 
cross section was blasted at once and the broken 
coal drawn through the taps, the soft material came 
out first. After all the freer running bottom coal 
was drawn out, large quantities of gob appeared, 
beating the harder coal to the drawpoints. It was 
necessary to remove the gob rock by blasting so that 
the harder top coal could be recovered. 

Since efficient coal drilling equipment was avail- 
able, it was decided to stop using the return airway 
as a drill heading. Plans were made to establish 
openings in the coal seam itself to permit operating 
the drilling equipment. This eliminated the diamond 
drilling and also reduced the drilling footage re- 
quired to develop a block of coal. 


New Plan of Development 


Present Longhole Mining Method: The new long- 
hole method shown in Fig. 3 uses the same rock 
development system employed with the preliminary 
method, but the return airway is now in the Skid- 
more vein rather than in the rock just beneath the 
coal seam. Rock chutes on 60-ft centers are driven 
from the gangway to the coal and are connected by 
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Fig. 2—TOP: Longitudinal section looking north at Lansford 
colliery. BOTTOM: Original longhole drill mining method at 
the 6th level of the No. 6 mine and drill pattern from rock 


rock hip chutes 8 to 10 ft under the bottom rock. 
From these hip chutes rock holes are driven back to 
the coal every 20 ft, providing openings through 
which the blasted coal can be drawn. To provide a 
free-face or opening for blasts, a conventional breast 
is driven through to the level above. 

The rock taps are now extended into the coal seam 
about 8 ft beyond the slate divider. Originally this 
opening in the coal on top of the slate divider was 
enlarged by a cut on each side of the chute to form 
a T-shaped opening, but this extra opening was 
found unnecessary and was discontinued. Drilling 
equipment was then set up in the coal opening above 
the slate divider in the seam and two rows of holes 
were drilled in a vertical plane from each opening, 
as shown in Fig. 3, the number of holes depending 
on the seam thickness. The holes were drilled to 
the top rock or 8 or 10 ft short of the gob line. Each 
vertical ring was laid out to give an end spacing of 
10 to 12 ft between the holes. Since two rings were 
drilled from each tap, a burden of about 10 ft was 
maintained for each ring of holes. 

The 20-ft wide block of coal developed by these 
drillholes is now ready for blasting. However, the 
charging and blasting can be done only if the 20-ft 
block next to it has been blasted and enough coal 
removed to provide a free-face for expansion. Un- 
der these circumstances the holes are charged and 
detonated, with suitable delays to detonate first the 
outer and then the inner ring. Drawing of the blast- 
ed coal is then started. Successive 20-ft blocks can 
be mined by the same method. 

After all the blasted coal above the slate divider 
has been mined by this procedure the coal below it 
is removed, and drilling equipment is set up in the 
chute between the bottom rock and the divider. 
Only two or three holes drilled parallel to the bot- 
tom rock are needed to break this soft lower seam. 
A battery is then installed on the bottom rock to 
provide a suitable drawhole through which the re- 
maining coal can be extracted after the holes are 
drilled and blasted. After the lower seam is loaded 
out, each tap is sealed off with a brattice to prevent 
loss of ventilation air through the job or, depending 
on conditions, the pulling of gob air into the venti- 
lating currents. 

To increase total production from the coal seam, 
it had been the practice at this mine to provide 
additional free-faces by driving a breast at 240-ft 
intervals along the gangway. The above procedure 
was therefore repeated at several locations in the 
seam at one time. 

Thin Vein Application: Fig. 4 shows the plan de- 
signed to employ longhole drilling methods to mine 
a thin, steeply pitching coal seam at the Nesquehon- 
ing mine. The seam was 15 ft thick and inclined at 
70°. The mining lift was 120 to 140 ft. 

The first step in developing this section for long- 
hole drilling is to drive a conventional breast up the 
pitch to within a safe distance of the level above. 
One manway of this breast is holed through to the 
gangway above. The breast is allowed to stand full 
until just before the first longhole blast. Successive 
breasts are driven up to 60 ft on 60-ft centers and 
are connected at the top with 6x6-ft crosscuts, which 
serve as drill headings for the upper lift. After the 
upper lift is drilled, the drill is moved to the lower 
coal slants and the bottom half of the pillar is 
drilled. Fig. 4 shows the drili pattern. 

After the complete pillar is drilled the initial 
breast is pulled enough to form an opening, and the 
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Fig. 3—Longitudinal section looking north and horizontal plan (upper right) at Lansford colliery. Present longhole drill method 
of mining in the 6th level of No. 6 mine is shown in cross section A-A looking north. 


entire pillar is blasted. The coal can then be loaded 
out through the batteries of the breasts and through 
batteries that were established in the slant chutes. 
This method of mining was particularly successful 
in obtaining high recoveries. 

Development of Equipment: Two types of drills, 
made by Jeffrey and Ingersoll-Rand, are now avail- 
able for long blastholes. The Jeffrey A-6-A is 
mounted on a column incorporating a jacking mech- 
anism for quick set-up. The saddle holding the drill 
on the post permits drilling at any angle and can be 
easily raised or lowered to adjust the drill at the 
proper height. The drill advances the bit and drill 
rods in the hole with a feed bar, and a feed nut en- 
gages the bar through a clutch arrangement. This 
type of drill is light and flexible and has been used 
very successfully. 

The newly developed Ingersoll-Rand 4-S-4 800- 
rpm rotary air drill employs a 4-ft aluminum feed 
shell and is powered by an air motor. A pneumatic 
air column holds the drill in position, and an auger 
holder keeps auger sections in the hole while the 


feed shell is retracted and a new auger section is 
added. This drill requires 6% ft of clearance to 
operate and permits using 4-ft sections of auger rods. 
Time spent in changing rod sections can thus be 
reduced. 

For normal longholes, 2-in. Kennametal bits with 
threaded shanks are used. Kennametal Inc. designed 
a special hollow threaded scroll-type auger for this 
kind of work. (Older types of auger sections without 
threads permitted the holes to wander, making it 
difficult to maintain the right spacing between 
holes.) For 5-in. holes large diameter guides are 
used at 6-ft or 10-ft intervals along the string of 
drill steel to maintain alignment of the hole and to 
prevent the steel from whipping when larger holes 
are drilled. 

In wet or damp coal it is particularly helpful to 
keep the cuttings in suspension by blowing air 
through the drill rods. Flowing through a special 
socket into the rods, the air is ejected through holes 
in the bit or ejected through hollow couplers be- 
tween the auger rods. 


Special Procedures for Longhole Methods 


The engineering department prepares a written 
description and drawings for all the areas where the 
longhole drilling method is to be used. The Pennsyl- 
vania State Mine Inspector is also furnished with 
the following information: 

1) A plan showing the method of drilling in each 
gangway or coal seam. 

2) The amount of explosives to be used. 

3) The method of detonation. 

4) The distance from the shot to the firing sta- 
tion. 

5) The number of men in the mine when blasting 
takes place. 7 

Charging and Blasting: Since it is usually desir- 
able for the Primacord to extend to the bottom of 
the hole, it should be attached to the first cartridge 
entered. A slanting hole about 4 in. long is punched 
in the cartridge, coming out at the end. The Prima- 
cord is threaded through the hole and tied in a small 
knot, and usually the cartridge is pushed to the 
back end of the hole by itself and securely tamped. 
This insures a continuous line of detonation and also 
makes it possible to retrieve the lead cartridge if the 


hole is locked and needs cleaning. After the car- 
tridge with the Primacord is tamped at the back of 
the hole, the remainder of the charge is loaded by 
pushing into the hole as many cartridges at a time 
as are considered practical. Any excess Primacord 
should be pushed into the hole, with additional 
stemming behind it. 

The primer may be located in the boreholes in any 
one of three recommended positions: 

1) Near the outer end of the hole with the de- 
tonator pointing toward the back. This is used only 
when short leg wire detonators are available. 

2) At the back of the hole with the detonator 
pointing toward the collar. This is used where long 
leg wire detonators are available. 

3) Near the middle of the charge with the de- 
tonator pointing toward the back of the hole. 

To speed up the work of charging, longholes are 
loaded with specially prepared 20 to 24-in. sticks of 
permissible powder. These longer sticks also cut 
down the possibility of foreign material getting be- 
tween adjacent sticks and interfering with propaga- 
tion of the explosion through the entire column of 
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Fig. 4—Longhole drilling method at the Nesquehoning mine. Six rings of four holes 10 to 60 ft long. Charge: 300 Ib of Atlas 
“G”" (used with electric delays and Primacord) set off by a 52-cap battery, plunger type. Shot to firing station: 1000 ft. 


powder. The powder charge is distributed to equal- 
ize the burden on the several holes in the ring and 
to eliminate concentration of powder near the collars 
of the holes where they are close to each other. Each 
hole is detonated with one or more standard delay 
electric blasting caps with leg wires of varying 
lengths depending on the depth of the hole. Corru- 
gated asbestos tamping plugs provide the stemming. 

The holes are tamped by sectional sticks with 
lock-hook connections. These connections are made 
by nonsparking metals—copper and aluminum—and 
cannot come apart once inside the hole. The sticks 
are 6 ft long and can be connected or disconnected 
rapidly. 

The charge should be detonated by a 52-cap blast- 
ing machine through duplex plastic-covered No. 
14-gage firing line from a station located 1000 ft 
from the shot. There should be at least two right 
angle turns between the blasting area and the firing 
station. 


Performance Data for Longhole Mining on the 6th 
Level, No. 6 Mine 


Drilling 

Average foot of | hol 
day for two miners, drilling 
exclusively 

Average tons, run-of-mine pro- 
duction per foot of longhole 
drilled 5.75 net tons 

Average life of tungsten carbide 
bits 6000 to 10,000 ft of drilling 


Feet of drilling before bits re- 


100 to 250 ft 


quire regrinding 300 ft 
Drilling speed per minute 10 to 24 in. 
Compressed air pressure required 75 to 90 Ib 
Labor cost for drilling per net 

ton of run-of-mine production $0.025 


Blasting 
Type of powder used Permissible 
ammon: 
(Red H “C” and Globe G-1) 
1%x24 in. 
Standard delay electric—no 
vent—0 to 10. Wires of va- 
rious lengths 


Size of cartridge 
Type of detonator used 


Average cost of tigotng supplies 
per net ton run-of-mine 


blasted $0.013 
Production 

Average run-of-mine tons loaded 

daily from entire section 1651 net tons 
Average run-of-mine tons loaded 

per miner per day 28.25 net tons 
Average of run-of-mine tons re- 

covered from vein 65 to 70 pct 
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tions. The thermal process for P, recovery is based 


on the acid activity of silica at temperatures above 


Safety Features: While improvements in many 
phases of mining were anticipated as a result of this 
experimental development, one of the principal ob- 
jectives was greater safety for the miner. The fol- 
lowing advantages have been obtained: 

1) With the reduction in the number of breasts, 
the exposure time for miners working in large un- 
supported openings is greatly reduced. 

2) After the initial breasts are completed it will 
no longer be necessary to remove the accumulated 
gas caused by blocked manways. 

3) Hazards of blasting are greatly reduced be- 
cause: one large blast replaces a great number of 
small blasts; charging and detonation are under di- 
rect official supervision; and blasting is done off 
shift, when all other men are out of the section. 


Conclusions 

The capital investment required to install all the 
necessary equipment is small. Productivity has in- 
creased more than 50 pct and face labor costs have 
been greatly lowered from the averages obtained 
with breast and pillar and slant chute mining meth- 
ods. The hazards of working on the steep pitch have 
been reduced, and to date no gas explosions or mine 
fires have occurred from longhole blasts. 

There has not been substantial improvement in 
recovery and yield, and further studies are needed 
along these lines, but longhole mining has served the 
purpose for which it was developed. New mining 
sections are being opened at the Lansford colliery, 
and all mining on the pitch will be performed by this 
method. 
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The upper zone of the furnace is, then, a simple 
packed-bed heat exchanger, where a considerable 


Production of Elemental Phosphorus 


by V. N. Antaki 


= phosphorus (referred to as P,) is a 
true mineral product that has developed, in the 
relatively brief span of a century, from a laboratory 
curiosity to a heavy chemical. Annual production 
now exceeds 300,000 short tons. Continued rise in 
production has been predicted, consistent with new 
applications for P, derivatives and the expected 
population increase. 

In itself elemental P, is valuable chiefly as an 
intermediate chemical. The principal end uses at 
present are in inorganic phosphates, both simple and 
complex, of sodium and potassium, used in water 
treatment and detergent compounds, leavening 
agents, food supplements, and dentifrices. Organic 
P, compounds are important as plasticizers, oil addi- 
tives, flotation agents, and more recently as gasoline 
additives (TCP being the outstanding example). 
The increasing use of high-analysis water-soluble 
and liquid solution fertilizers, as well as the direct 
application of phosphoric acid to the soil, will prob- 
ably be the most significant factors in P, production 
growth rate. Coke oven plants now using sulfuric 
acid to fix byproduct ammonia values will gradually 
switch to phosphoric acid in order to market a fer- 
tilizer with completely available values. Recently 
sponsored experiments show that phosphoric acid 
can be directly admixed with cattle and poultry feed 
to produce rapid growth. Both P, compounds and 
modifiers for oil well drilling mud show increasingly 
promising significance. 

Phosphorite, or amorphous phosphate rock, occur- 
ring in sedimentary deposits, usually of marine 
origin, is the most important mineral source of phos- 
phorus. In turn, the primary mineral constituent in 
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the rock is usually fluorapatite, which has been 
accumulated and preserved because of its low solu- 
bility. Phosphate rock is mined in significant ton- 
nages in various parts of the world, principally in 
the U. S., Tunisia, Morocco, Algeria, and Russia. 
Large-scale mining operations in this country occur 
in Florida, Tennessee, and the four-state area of 
Idaho, Montana, Wyoming, and Utah. Physical char- 
acteristics and chemical composition vary consid- 
erably with the location of the deposit. 

In addition to fluorapatite, phosphate rock con- 
tains varying quantities of other minerals, such as 
silica, alumina, iron oxide, and vanadium oxide, 
usually appearing in quantity in the order shown. 
A number of minor constituents are also present. 
The ultimate phosphorus content of the ore is de- 
fined in terms of percent bone phosphate of lime— 
Ca,(PO,).—or percent P,O,, the latter being more 
prevalent in the phosphorus industry. Some deposits 
are suitable for process as mined, but in many in- 
stances beneficiation is mandatory. For the electric 
furnace process a P,O, content of 24 to 26 pct is con- 
sidered the minimum economical assay; higher P,O, 
assays are of little practical value, since they must 
be diluted with silica as a fluxing agent before intro- 
duction into the furnace. Of consequence also is the 
CaO/P,O, ratio in the rock, since as this ratio in- 
creases, the quantity of fluxing agent for lime re- 
moval must also be increased, leading to increased 
energy requirements and poorer recoveries. Low 
iron oxide content is also desirable because the 
oxide is reduced to the metallic state in the furnace, 
forming ferrophosphorus (Fe,P). Usually, the P, 
sale values in ferrophosphorus are not considered 
attractive. 

The fluorapatite molecule, best written as 9CaO- 
3P,0,-CaF,, is chemically inert under ordinary condi- 


Largest elemental phosphorus installation in the West, this plant near Pocatello, idaho, is also third largest in the U.S. 


riding electrodes. If all particles are too small, gas 
passage resistance is increased, leading to channel- 
ing and puffing. as well as to a deen reaction zane 
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striving to upgrade their coke production to make 
more biast furnace grade and less reject. This factor, 
urith the inereacing cramnotitian 


tions. The thermal process for P, recovery is based 
on the acid activity of silica at temperatures above 
1250°C. Without regard to the exact mechanisms 
involved, at these temperatures the lime and silica 
(and alumina) combine to form an inert slag, allow- 
ing reduction of the P.O, to phosphorus by the fixed 
carbon introduced with the charge. Heat must be 
supplied continually to the reaction. 

The electric furnace is an ideal reactor for the 
process, since large quantities of high-temperature 
energy can be supplied easily and conveniently. 
Feed materials can be introduced and discharge 
products removed without undue complications. In 
essence, the furnace is merely a covered, carbon- 
lined crucible, usually with three movable carbon 
or graphite electrodes entering from the top. Charge 
enters continuously at the top of the furnace, where 
phosphorus vapor and carbon monoxide are also 
withdrawn. Slag and ferrophosphorus are tapped 
periodically from the crucible. While many electrical 
and mechanical improvements will continue to be 
made in furnace construction, very little has been 
done or can be done to change the basic technology 
involved in the process. Since the cost of raw mate- 
rials and energy is fairly well fixed, the industry is 
resorting to increasingly larger units to effect eco- 
nomies in capital and labor costs. Limiting factors 
in increasing the size of single units will be discussed 
later. 

It might be added, in passing, that the blast fur- 
nace has also been used to produce phosphorus. In 
this process heat is supplied through the partial 
oxidation of coke. The high cost of coke as an energy 
source and the comparatively large volumes of phos- 
phorus containing off-gases that must be treated 
have eliminated the blast furnace from today’s tech- 
nology. 

On the surface, operating an electric furnace ap- 
pears deceptively simple, but there are many operat- 
ing variables and many differences in approach, and 
successful techniques are still an art. This does not 
mean that some refinement is not being made con- 
stantly, but this may be merely a perfection of 
errors. While it is true that today’s electric fur- 
nace works, detailed and fundamental engineering 
analysis is still needed. Such a project is compli- 
cated and hindered by the secrecy of the various 
companies within the industry. Industry-wide co- 
operation, such as practiced by many metallurgical 
industries, would be of enormous value. 

During operation the cold charge—a suitable mix- 
ture of phosphate, coke, and silica—enters the top 
of the furnace and moves downward as consumed. 
Gaseous products of the reaction, principally phos- 
phorus vapor and carbon monoxide, flow upward 
through the bed and exchange their heat with the 
charge. As the charge approaches the reaction zone 
in the vicinity of the electrode tips, gradual fusion 
of the phosphate and silica occurs. In the opinion 
of many furnace operating people, there is un- 
doubtedly a bed of incandescent coke at and near 
the electrode tips. As the melted charge trickles 
through this coke bed, the reduction reaction takes 
place. The slag and ferrophosphorus remaining as 
byproducts then join the pools of these materials 
lying on the furnace hearth. The slag is thought to 
act as a liquid medium for the reaction. The ferro- 
phosphorus is denser and forms a distinct lower 
layer, which can be tapped individually. The liquid 
pools are probably in violent motion because of the 
combination of reactions taking place and because 
of the electrode arcs, if any. 
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The upper zone of the furnace is, then, a simple 
packed-bed heat exchanger, where a considerable 
quantity of heat is transferred from the P, and CO 
to the incoming charge. The efficiency of this zone 
demands that the incoming charge have a good size 
distribution for gas passage and be physically stable, 
since decrepitation of the materials leads to chan- 
neling, with attendant high off-gas temperatures, 
increased dust loadings and carryover, and erratic 
operation. The off-gases must be treated after leav- 
ing the furnace, usually by passage through a two- 
stage Cottrell precipitator followed by a direct- 
spray hot water condenser. The dew point of P, is 
about 290°C, so that an off-gas temperature of 
300°C represents the most efficient operating condi- 
tion, in so far as heat recuperation is concerned. The 
adverse gas conditions already mentioned affect 
operation of the precipitators seriously—extremely 
high temperatures can bring about structural damage 
as well as an increase in gas volume and velocity 
and a decrease in collector efficiency. Solids carried 
over to the condenser lead to formation of a P,-con- 
taining sludge, which is difficult to break down. (It 
might be added that cold off-gases mean that P, can 
condense in the treating system; the combination of 
condensed P, and dust can form concrete-like masses 
which are a source of many operating problems.) 


It is of utmost importance to insure that the 
charge materials are thoroughly mixed before intro- 
duction into the furnace and that the relative size 
distribution of the ingredients is compatible to pre- 
vent segregation throughout the feed system and in 
the furnace. Poor mixing or segregation of the 
charge leads to alternate over-coking and under- 
coking and changing silica-lime ratios in the reaction 
zone. Under-coking usually causes the reaction zone 
to form lower in the furnace, leading to high elec- 
trode consumption and a possible early destruction 
of the carbon hearth (since both are sources of fixed 
carbon), poor reduction efficiency (high P, analysis 
in the slags), and higher thermal losses because of 
increased slag temperatures. Undesirable side re- 
actions can also result. Also, because of the greater 
depth of the overlying charge, low off-gas tempera- 
tures are often effected. Over-coking, on the other 
hand, causes the electrodes to rise, the most im- 
portant effect being a sharp increase in off-gas tem- 
peratures, with attendant treatment difficulties. This 
is further aggravated by the unstable electrical con- 
ditions that usually result. Over-coking also leads 
to tapping difficulties because of cold slags and may 
also contribute to poor reduction efficiency and high 
P, losses in slags. Since silica is so essential to the 
reaction, excesses or deficiencies have deleterious 
effects, affecting slag temperatures, compositions, P, 
losses, and ferrophosphorus composition. In an effort 
to level out conditions, operators often introduce 
raw charges of either coke, silica, or coke-free 
burden into the furnace. Such practices merely indi- 
cate a more basic deficiency in feeding the furnace. 


The ultimate size and size range of the charge 
constituents is also important. Experience indicates 
a range of —% in. +% in. as being suitable, with 
all materials showing a compatible size distribution. 
There is some difference of opinion regarding the 
effects of the differing bulk densities of the various 
materials. Too wide a range of sizes leads to im- 
paired porosity for gas passage. If all particles are 
large, too great a porosity results, with lowered heat 
transmission and dust filtration efficiencies. De- 
creased electrical resistance also tends to cause high- 


riding electrodes. If all particles are too small, gas 
passage resistance is increased, leading to channel- 
ing and puffing, as well as to a deep reaction zone 
because of the increased electrical resistance. 

From the foregoing discussion it can also be sur- 
mised that proportioning of the furnace charge 
materials is critical. Routine chemical analyses of 
the phosphate, coke, and silica are used to inform 
the operators of the quantities of each material to 
be blended. Various continuous and batch-type 
weighing systems are in use—some extremely sim- 
ple, some overwhelmingly elaborate. Development 
of a highly accurate pneumatic load cell has led to 
the design of very simple, accurate continuous 
weighing systems, in which the phosphate feed rate 
is used to index the controllers for the coke and 
silica, thus effecting true proportional weighing. 
The furnace charge proportioning system deserves 
considerable thought, from the standpoint of both 
accurate weight and even blending of materials. 
False economy at this point will lead to aggravating 
and often hidden losses in furnace operation. Such 
factors as electrode consumption, lining life, P, losses 
in the slag, and unit energy consumption depend 
largely on the accuracy of the proportioning step. 


Use of Raw Materials: With few exceptions, phos- 
phate ore as mined is not a suitable direct feed for 
a furnace. The usual practice is to subject the phos- 
phate to a temperature from 1100° to 1450°C in a 
rotary or shaft kiln, sintering grate, or combined 
grate and rotary processor. Pre-agglomeration in 
the form of briquetting, pelletizing, or extrusion is 
often employed. The processing temperature selected 
is usually at the point of incipient fusion of the ore 
selected, the objectives being to agglomerate the 
particles into a range of mechanically stable sizes 
suitable for furnace feed and to drive off various 
volatile constituents such as free and combined 
moisture and CO,. Western phosphates contain sev- 
eral percent of carboniferous matter, similar to 
shale oil, which is undesirable in the furnace gas 
treating system. The heat agglomerated phosphate, 
usually termed nodules, is carefully screened of fines 
before being sent to the proportioning storage bins. 
The most desirable phosphate would contain the 
proper proportion of silica to yield the desired 
SiO,/CaO ratio (usually from 0.75 to 1.00), so that 
no silica would have to be added externally; all 
other constituents of the ore can be considered con- 
taminants, and the fewer the better. Tennessee and 
western ores, containing natural binders, are usually 
amenable to heat agglomeration, while Florida ore, 
because of the beneficiation process employed, would 
be more difficult. 

The primary source of fixed carbon is metallurgical 
coke, obtained most usually from steel producers as 
the fractions not suitable for use in blast furnaces. 
Anthracite coal, petroleum coke, and bituminous 
and sub-bituminous char have also been used with 
varying success. High fixed carbon and low volatile 
matter content are always desired, as well as low 
iron content. Coke porosity affects the surface area 
exposed to the furnace reaction, so that high porosity 
is desirable—within limits. In general, carbon which 
is graphitized becomes less suitable for furnace use, 
since its reactivity diminishes and electrical con- 
ductivity increases with increasing degrees of graphi- 
tization. Coke that is too conductive causes elec- 
trical bridging between the electrodes above the 
reaction zone and leads to high-riding electrodes 
with all the accompanying distress. Steelmakers are 


striving to upgrade their coke production to make 
more biast furnace grade and less reject. This factor, 
coupled with the increasing competition for supplies 
and the general increase in other costs, has caused 
coke prices to show an ever increasing upward 
trend. Coke represents one of the major cost items 
in the P, process and is a source of constant worry 
to P, producers. Considerable effort is being devoted 
to the development of cheaper sources of fixed car- 
bon. Coke is usually sized as desired, dried to less 
than 2 pct moisture, and screened carefully for fines 
removal before introduction into the furnace pro- 
portioning bins. 

The properties obviously desirable for silica are 
maximum SiO, content (95 pct minimum), low iron 
content, and suitable size range and stability. Silica 
is usually purchased on a sized-and-dried basis and 
so can be sent to process as received. 

Byproducts credits are an important source of 
revenue to the phosphorus producer. Principal waste 
products are slag, ferrophosphorus, and carbon mon- 
oxide gas. Slag is useful as a ballasting and aggre- 
gate material, and increasing quantities are being 
used in the manufacture of high quality, lightweight 
aggregates. A superior mineral wool is made from 
slag, which has also been used as a liming agent for 
soil. Ferrophosphorus is used chiefly for steel-alloy- 
ing, although the domestic market cannot absorb 
present production. Some interest has been shown 
in ferrophosphorus as an aggregate in dense con- 
cretes for nuclear shielding. The carbon monoxide 
is usually burned as a fuel or wasted to the air. If 
it is utilized to any appreciable extent as a fuel in 
plants requiring phosphate heat treatment, impor- 
tant savings are achieved. Carbon monoxide has not 
been used commercially as a synthesis gas, although 
it well might be. 


Economic circumstances have forced the industry 
to design and build larger furnace units, the largest 
having a 42,000-kva capacity. With three electrode 
furnaces and the present state of the art, however, 
a distinct limitation in size is imposed by the current 
carrying ability of the electrodes. The later, larger 
units have resorted to 45-in. diam graphite elec- 
trodes, merely because they are required to carry 
the loads; processing costs attributable to electrodes 
have risen sharply to a point where further in- 
creases are not economically justifiable. The elec- 
trode industry is now making efforts to increase the 
available sizes of electrodes and to provide com- 
promise compositions that will at least keep costs 
in line. Further limiting factors in unit furnace size 
are found in the off-gas treating equipment asso- 
ciated with the furnace. Where Cottrell precipitators 
are used, for example, they have already reached 
massive size and are becoming more expensive. 


There is a possibility that nuclear energy will 
supplant electric power as a direct source of high 
temperature energy. Improvements in equipment 
and techniques will become increasingly necessary 
in this highly competitive industry. 
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simple as registering at the beginning of the school 


home that evening, thinking of the day’s events, I 


A Look at the 


Prospects of the Mining Engineer 


A. F. PETERSON 


Editor’s Note: These remarks were presented 
at the Welcoming Luncheon of the Mining 
Branch Northeastern Regional Conference, Her- 
shey, Pa., November 1956. Mr. Peterson, AIME 
Member since 1940, is Vice President, Bethlehem 
Steel Corp., Bethlehem, Pa. That he knows 
whereof he speaks is indicated by his background. 
Starting with Bethlehem as Superintendent of 
the Cornwall Mines in Pennsylvania, he later be- 
came General Manager of the Cornwall Div. and 
in 1946 was appointed General Manager of Raw 
Materials Properties for Bethlehem Steel. Vice 
President in 1948, as well as president of various 
subsidiary companies, Mr. Peterson advanced in 
the same year to a position as director of Bethle- 
hem Steel Corp. 


342—MINING ENGINEERING, MARCH 1957 


by A. F. Peterson 


UCH has been said and written about the en- 
gineer shortage. The mining branch in en- 
gineering has lagged during the past several decades. 
I can think of two institutions, formerly prominent 
in that field, that have discontinued this department 
and another that has branched from a purely min- 
ing school into various forms of engineering. Con- 
versely, I do not recall any institutions that have 
added mining to their curricula. 

I believe that this action is in direct response to 
the demands of incoming students. But I also believe 
that while there is a specific demand for civil, me- 
chanical, and electrical engineers in the highly com- 
plicated mining operations of today, our need for 
mining engineers capable of assuming top responsi- 
bility for mining operations is unchanged. 

So it is up to us in the Institute, and to the mining 
industry, to make the outlook appealing to the stu- 
dent as he enters college, and to sustain his interest 
until he becomes firmly established. If we will make 
a real effort to put our house in order, and then show 
how interesting and rewarding a mining career can 
be, we will arouse an interest in the future pros- 
pects and thereby obtain sufficient new timber for 
our needs. 

During his senior year the college student is now 
apt to be besieged with job offers (that is, more than 
one) from industry. It may well be that in no future 
period will his popularity reach so high a peak. The 
next several years, however, may be a period of dis- 
illusionment and frustration for the young mining 
engineer on his first job. The glowing start of a 
career may seem to tarnish. And for an indefinite 
period he may feel that he has been taken in. That 
he is going through spring training may not be ap- 
parent to him, and in some cases with reason. If we 
can help to ease his state of mind, as well as his 
economic situation, during this time of suspense, in- 
dustry and the profession will be extending a very 
necessary helping hand. And we will be doing our- 
selves a service as well. 

For his part, the recent student must be indoctri- 
nated with and understand the idea that his days of 
study and application are not over. Some students 
have the time and money to extend their normal 
college course by one or more years, thus becoming 
specialists in fields of work where, by and large, jobs 
are readily available. Most of us cannot do this. We 
can, however, accomplish specialization on the job, 
but must expect to take more time in the process. 
This requires a lot of careful planning and much 
determination on the part of the man. It is not as 


~ 


simple as registering at the beginning of the school 
year. It can be done if the will power is there, how- 
ever. First, we must join, if we have not already 
done so, and contribute to the activities of the local 
chapter of the AIME. In 1916, Professor McCaffery, 
head of the mining department at the University of 
Wisconsin, urged my class to become student mem- 
bers of the Institute. Since the annual dues were 
five dollars, this was no decision to be treated lightly 
and some of us wanted to know what we would get 
out of it. He replied, “As much as you put into it.” 

I did not then fully appreciate what he was say- 
ing, but I think I do now. Attend local meetings, 
concern yourself with its affairs, and you will get 
your money’s worth. Do it willingly and openly. Use 
the front door, so to speak. The AIME rates high in 
business and professional circles. Being a member 
will add to your stature as an engineer, and working 
at it will serve to increase your interest in mining 
as a career. 

Now, what are some of these prospective fields in 
the mining game today which are worth cultivating? 

Well, there is always the old standby, starting 
with general engineering duties around a mine, 
moving into operations, and ending perhaps at the 
top. I wish to point out, in this connection, that the 
well publicized shortage has not as yet reached to 
the presidents and chairmen of the boards of recog- 
nized mining companies. Even vice presidents seem 
to be readily available. Or, one can continue in purely 
engineering work, and have a satisfying career that 
can be ample reward for all efforts put forth. 

A variation of these means to an end arises in the 
comparatively recent trend of American mining 
operations into foreign countries. I am not referring 
to the precious and nonferrous metals group who 
seem to have fulfilled the requirements very well 
through the years, but rather to those in oil, iron 
ores, and so on, who until recently considered them- 
selves as working in home industries. Here we find 
huge investments now being made abroad by Amer- 
ican capital, investments requiring close supervision 
in countries that are generally short of managerial 
talent. But our engineers are not necessarily qual- 
ified to take over under strange and exacting con- 
ditions either. Here is a field that can be very re- 
warding to the man who will extend himself be- 
yond ordinary demands on his time, to learn the 
language, laws, and customs and the historical back- 
ground of a new land. He should learn to like the 
people and never forget that it is their country. This 
can be a big order for the young American who fre- 
quently has not been exposed to this line of thought. 

In recent years a new area of responsibility has 
devolved on us as mining engineers and managers 
of mining operations. I refer to the field of em- 
ploye and public relations. The responsibility was 
always there, but perhaps we tended to think of it 
as somewhat secondary in nature. Not any more. 
Now the question arises, are we mining engineers 
going to pass this matter over entirely to the law- 
yers? If so, we may wind up working for them. 

It is probably a fact that many of us chose engi- 
neering because we like to deal with specific prob- 
lems. We like to think of our work as an exact 
science and tend to dislike situations involving in- 
tangibles. I will give you an example. 

Some years ago, I attended a meeting of about 
25 people, chiefly plant managers, where the neces- 
sity of working under labor conditions imposed by 
new laws was the topic of discussion. On my way 


home that evening, thinking of the day’s events, I 
recalled that whereas most of those present had 
been glum and disconsolate, there had been some 
who seemed quite pleased with the prospects. Go- 
ing a little further, I recalled that every one of these 
was a lawyer. My next thought was “Why?” and I 
came up with this answer: 

A lawyer lives on trouble, chiefly other people’s 
trouble. Without human-type troubles he has no 
work. Conversely, the engineer’s whole existence is 
spent in trying to avoid trouble. The plant that is 
planned correctly and runs smoothly is his symbol 
of success. 

My conclusion was, and I leave this with all of 
you, but particularly with the younger men, 
shouldn’t we adopt some of the lawyer’s mental at- 
titude to our advantage. Admitting our need for 
technical staff help in these matters, wouldn’t it be 
a good idea for mining engineers to be acquainted 
with our labor and public relations problems in all 
their complexity, and be willing to assume responsi- 
bility in these fields. 

There are additional avenues open to the ambi- 
tious man. What I would like to emphasize is: spe- 
cialization and the opportunity to fashion your ca- 
reer does not end with graduation, and in many 
cases, it can be done better on the job. 

Industry has a definite obligation in this picture. 
It must provide an atmosphere favorable to such 
thinking and doing. The supervisor who is so self- 
centered that he stymies the advance of a superior 
draftsman or surveyor should be spotted by top 
management and purged. Promotion must never be 
denied because a man does his job better than his 
replacement may do it. We must avoid placing a 
good man on a road that leads nowhere. Frequently, 
such jobs seem more attractive initially, salary-wise, 
which merely makes them more deadly to the un- 
suspecting engineer who awakens much later to the 
knowledge that he is on a treadmill. 

We must not over-staff this group of men, who 
we may call specialists-in-training, unless we are 
willing to lose their services to our competitors. It 
is disheartening to the man raring to go who sees too 
many young men ahead of him on his particular 
ladder. It is equally disheartening to realize that he 
is nose to nose with too many contemporaries 
equally anxious to get in line. When a good man- 
ager finds a temporary lull in available work for 
the men on hand he must put forth special effort to 
employ them gainfully. If the manager is up to his 
job, and after a diligent effort cannot find a worth- 
while project—then, he does have too many men. 
So long as there is a shortage no operator can justify 
this over-staffing. 

Finally, we must pay salaries sufficiently large to 
attract good men. In short, we must meet competi- 
tion to begin with and reward effort along the way. 
The recent graduate knows that he must be around 
for a while before he is worth as much to industry 
as a skilled workman, but he also knows that he 
must live in a presentable manner, the cost of which 
should at least be covered by his salary. 

Those of us who believe that the engineer is an 
incipient manager, and therefore an integral part 
of management, have an obligation to convince him 
by our actions that we can and will see to it that he 
is rewarded without our being pressured from with- 
out, and that in addition to rewarding merit, we can 
and will provide him with the opportunity to prove 
his worth. 
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at the Magma Mine 


by Bruce Short 


H<4 rock and surface temperatures combined 
with small deep shafts create a difficult venti- 
lation problem. At the Magma operation in Superior, 
Ariz., booster fans take air off the bottom levels, 
directing it first through cooling coils and then 
through the working places and out to the exhaust 
shafts. All air drawn from the intake shafts below 
the 3400 level is cooled before it goes to the stoping 
areas. 

Most of the ore mined at Magma has come from 
steep-dipping vein deposits developed for a maxi- 
mum distance of 9000 ft along the strike of the vein. 
At present approximately one third of the tonnage 
is coming from a new section of the mine where the 
ore occurs as replacement deposits along a favorable 
horizon in limestone beds. The deepest mining level 
is now the 4800. 

Surface temperatures in Superior over the past 
eight years have averaged 52.4° wet bulb and 69.7° 
dry bulb. Average relative humidity is 27 pct. In 
August, the most difficult month for cooling and 
ventilation, average wet bulb temperature is 66.7°, 
dry bulb temperature 84.6°, and average relative 
humidity 37 pct. Rainfall over a 34-year period has 
averaged 17.68 in. 

The Magma mine is developed by seven shafts, 
numbered in the order in which sinking started. 
Five of these, the downcast shafts, are as follows: 
No. 5 is a four-compartment rectangular shaft in 
the west end of the orebody, extending below the 
4800 level. No. 3 is a three-compartment shaft in 
the central portion of the orebody, extending below 
the 4800 level. No. 2 is a three-compartment shaft 
located 900 ft north of No. 3 shaft and extends to 
the 3600 level. These three are the haulage shafts 
for men, ore, and supplies. All compartments 
measure 4x5 ft in the clear. Shafts 6 and 7, on the 
east and west extremities of the vein, are used for 
intake ventilation only. Both are three-compart- 
ment shafts to the 2550 level, and No. 6 has recently 
been sunk as a five-compartment shaft to the 3400 
level. 

Shaft 6 is the only intake ventilation shaft with 
an intake fan. Here a No. 440 backward-curved 
blade centrifugal fan powered by a 200-hp motor 
delivers air at 60,000 cfm at 10-in. water gage. 

Extending to the 4800 level between shafts 3 and 
5, the main exhaust shaft, No. 8, has four 4x5-ft 
compartments. The centrifugal exhaust fan on the 
surface, an 8x4 Jeffrey forward-curved blade pow- 
ered by a 400-hp synchronous motor, exhausts 175,- 
000 cfm at 8.6-in. water gage. 

No. 4, the three-compartment exhaust shaft for 
the east portion of the mine, extends to the 1500 
level. A system of raises, winzes, and abandoned 
stopes provides exhaust airways used in conjunction 
with this shaft. An 8x4 Jeffrey fan is located on the 

B. SHORT is with Magma Copper Co. at Superior, Ariz. 
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Ventilation and Air Conditioning 


Magma’s cooling tower. The 700-ton refrigeration machine 
is housed in the building at lower right. 


500 level but discharges through the shaft to the 
surface. Powered by a 150-hp motor, it exhausts 
115,000 cfm at 3-in. water gage. 

In the ventilation system throughout the mine ten 
40-hp fans and eight 50-hp fans also act as boosters. 
Forty-six smaller fans of 7% to 20 hp are used for 
auxiliary ventilation. 

Owing to the high resistance to air flow in the 
ventilation shafts a part of the air is re-used in 
other stoping areas after it is washed and then 
cooled in the cooling coils. In this way about 100,000 
cfm is reclaimed at a saving of 600 hp. An estimated 
1200 hp would be necessary to circulate this addi- 
tional amount of outside air through the mine, with 
one and a half times the refrigeration needed for 
reclaimed air. Also, the increase in pressure neces- 
sary to circulate this additional air would call for 
heavier duty fans and stronger construction in all 
air doors and brattices throughout the mine. 

Fifty-five stopes and 24 development faces were 
worked in 1955. Average stope temperatures, taken 
every two weeks by the engineering department, 
were 84.6° wet bulb and 90.5° dry bulb and average 
relative humidity was 78 pct. Of the 79 working 
places 15 were in the East Replacement orebody 
above the 3000 level. No cooling is installed in this 
section of the mine, which is ventilated by air com- 
ing down No. 6 shaft. 

Refrigeration was first installed at Magma in July 
1937 when two 140-ton Carrier centrifugal refrig- 
eration machines were installed on the 3600 level. 
These units were so successful in lowering stope 
temperatures that five more were installed. 

Each refrigeration machine requires about 200 
gpm of condenser water. Since only 400 gpm of 
mine water was available for this purpose, cooling 
facilities were limited. Before it could be used as 
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condenser fluid, mine water was sprayed down the 
bottom part of an intake shaft to cool it from the 
rock temperature of the particular level where it 
was collected. It was possible to operate four refrig- 
eration machines on this amount of condenser water 
by splitting the water and running each half 
through two machines in series. The hot water from 
the condensers was then sprayed into the mine air 
exhausting up No. 8 shaft and recooled for use as 
condenser water in the other three machines. 

Use of condenser water cooled by evaporation 
raised the concentration of solids to a point where 
scale was continuously deposited in the condenser 
tubes in the refrigeration machines and in the con- 
denser water lines. This raised the head pressures 
on the refrigeration machines and lowered their 
efficiency. After cooling by mechanical refrigeration 
had been expanded to the limit of available water 
and more cooling capacity was needed to provide 
for increased mine production, an evaporative cool- 
ing tower was constructed on surface and placed in 
operation in August 1948. 

Cooling Tower at Magma: Magma’s 85-ft cooling 
tower consists of three reinforced concrete cells 24 
ft square. To impede the fall of water each cell is 


filled with redwood decking, supported on concrete 
piers in the cell basin. The decking starts at the top 
of the louvers and continues up on 18-in. centers to 
the water distributor. Eliminator plates made of two 
layers of 1x4-in. redwood boards offset to the direc- 
tion of air flow prevent entrained water in the air 
stream from leaving the tower. Seven rows of cop- 
per flashing set in the concrete walls of each cell 
prevent water from running down the cell walls. 
A cold water collection sump runs along the entire 
base of the tower. Any cell can be isolated and shut 
down for cleaning or repairs without affecting the 
operation of the rest of the tower. This is accom- 
plished by shutting off the valve to the water dis- 
tribution system at the top of the tower and closing 
the valves between the cell basin and the cold water 
sump. It is then possible to drain the cell basin for 
cleaning by opening an outside drain. Air enters 
the bottom of the tower through one of two places— 
through precooling coils installed on the northwest 
side of the tower or through a set of hinged louvers 
on the opposite side. 

Air is pulled up through the tower by three pro- 
peller-type fans 12 ft in diam. These fans are direct- 
connected to vertically mounted 40-hp, 25-cycle, 
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375-rpm motors. Air is pulled through the precool- 
ing coils and discharged into the base of the tower 
by three horizontally mounted fans of the same 
type, powered by 60-hp motors. 


Each cell contains three banks of precooling coils, 
each bank two coils wide and stacked seven high 
for a total of 42 coils per cell, or 126 coils for the 
entire tower. Each coil has a net face area of 25.6 
sq ft and is 6 tube rows deep by 20 tube rows high. 
Tubes and fins are of copper. Four deepwell turbine- 
type pumps rated at 600 gpm against 85-ft head, 
each direct-connected to 15-hp motors, pump water 
from the cold water sump to the top of the tower 
through precooling coils, counter to the flow of air. 


The purpose of the precooling coils is to obtain 
colder water from the tower. Since the temperature 
of the water leaving the tower is limited by the wet 
bulb temperature of the air coming in, to obtain 
colder water it is necessary to supply the tower with 
colder air. Pumping approximately 1200 gpm from 
the cold water sump through the precooling coils 
lowers wet bulb temperature of the air going 
through the coils about 6° without changing the 
moisture content of the air. This air is pulled up 
through the tower decking countercurrent to a 
downflow of approximately 2600 gpm of warm 
water. The water is cooled to within about 6° of the 
wet bulb temperature of the air coming from the 
precooling coils. Since this air was cooled about 6° 
in the precooling coils the water comes from the 
tower at about the wet bulb temperature of the out- 
side air. 


In winter the precooling units are not used and 
air is drawn into the tower through the hinged 
louvers. When the tower is operated in this manner 
the water is usually cooled to within about 8° of the 
entering wet bulb temperature of the surface air. 

Water supply is pumped through a 6-in. pipeline 
from a well 17 miles west of Superior into a 300,000- 
gal storage tank near the tower. In summer this 
water is very warm by the time it reaches the 
storage tank, but it is cooled in the cold water sump. 
A pump regulated by a float valve in the cold water 
sump sends required make-up water to the top of 
the tower. Water is continuously drained from the 
return water line to keep the concentration of solids 
in the tower circuit from becoming too high. Enough 
water is blown down to keep the solids in the water 
from concentrating to more than two and a half 
times the original content. Sulfuric acid is added 
to keep the alkalinity to a pH slightly below 8. The 
water is also treated with a phosphate to prevent 
corrosion in the pipelines and certain other chemi- 
cals are added to minimize growth algae. Make-up 
water requirements due to evaporation and blow- 
down range from 85 gpm on hot dry days in summer 
to 45 gpm in winter. 


Water leaving the cooling tower flows through a 
12-in. pipe to the circulating pump near the en- 
trance to No. 5 shaft. This five-stage centrifugal 
pump is direct-connected to a 500-hp, 25-cycle, 
1450-rpm motor. It is rated at 1800 gpm at 610-ft 
head. A second identical unit is available as a 
standby. The water is piped down the ventilation 
compartment of No. 5 shaft, through the heat ex- 
changers on the levels below, and back up the shaft 
to the top of the tower. The head the pump is 
operating against is equal to the friction head in the 
pipelines and heat exchangers and a small static 
head of 60 ft at the cooling tower. This 60 ft is the 


distance from the cold water sump to the water dis- 
tribution network at the top of the tower. 

The two pipelines in No. 5 shaft are 12-in. diam 
to the 3200 level and 10-in. diam below. Wall thick- 
ness of the pipe at the bottom is 1 in. There is an 
expansion loop every 400 ft in both the cold water 
and the return water pipelines. 

The cooling tower is painted with aluminum paint 
to reflect heat and the tow lines on the surface are 
insulated and painted with aluminum paint. 

At present two sets of heat exchangers are oper- 
ated on the 4400 level, two on the 4600 levei, one 
on the 4800 level, and one on the 4000 level. Each 
unit provides water for one sef of cooling coils. The 
two exchangers on the 4600 level also provide con- 
denser water for one 140-ton Carrier refrigeration 
unit. 

Heat exchangers are of shell and tube construc- 
tion. The high pressure water from the cooling 
tower flows inside the tubes and the low pressure 
water to the cooling coils is in the shell around the 
tubes. A heat exchanger battery for one cooling 
coil installation is made up of 12 sections connected 
in series. Each section is 18 ft long and is made up 
of 64 steel tubes of %4-in. diam inside a steel shell 
of 10-in. diam. The high pressure and low pressure 
water flow a distance of 216 ft countercurrent to one 
another. Design pressure of the high pressure side 
is 2500 psi, low pressure side 15 psi. Each heat ex- 
changer battery is designed to cool 215 gpm of water 
from 89° to 68° when supplied with 250 gpm of high 
pressure water at 66°. 

There are important reasons for using these 
water-to-water heat exchangers instead of using the 
tower water directly in high pressure coils. Coils 
will work near peak efficiency for only one to three 
years, depending on the percentage of recirculated 
air they are handling. Oxidation of sulfide particles 
on the fins of the coils causes the fins to corrode and 
become brittle. When these fins break off, the coils 
lose their cooling capacity. For such a short time 
investment the cost of coils designed for a working 
pressure of 2500 lb would be prohibitive. 

The second reason is the expense of installing this 
high pressure line. It is sometimes necessary to 
install these coils as far as 2500 ft from No. 5 shaft, 
where the high pressure lines come down. While it 
is possible to install low pressure piping in a stand- 
ard size drift and still use the drift for haulage, this 
cannot be done with high pressure pipelines. The 
large diameter of the flanges required to hold the 
high pressure and the support to hold the pipe both 
necessitate extra room. 

Pumps with a rated capacity of 215 gpm against 
150-ft head circulate water from the low pressure 
side of the heat exchangers to the cooling coils and 
back. These lines are filled from the drinking water 
supply. A make-up water supply is connected to 
the suction side of the pump to provide for the small 
amount of water that leaks out through the packing 
of the pump. 

Since cooling was first installed at Magma many 
types and sizes of coils and coil installations have 
been tried. At present one standardized size and 
type is used throughout the mine. Chilled water can 
be furnished by either the cooling tower or a me- 
chanical refrigeration machine. 

Typical Cooling Coil Station: Coils are set in a 
timbered station with inside measurements 10 ft 
high, 10% ft wide, and 10 ft long; in addition an air 
washer sump 5x5 ft x 3 ft deep is excavated on the 
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Horsepower Requirements for 
Operation of Tower and 
Surface Carrier Unit 


Winter operation with three top fans running: 

1170 tons refrigeration with 120 hp, or 9.7 tons 
refrigeration to the mine per unit of horse- 
power 

Spring and early summer operation with precool- 
ing units running: 

1170 tons refrigeration with 345 hp, or 3.4 tons 
refrigeration to the mine per unit of horse- 
power 

Summer operation with tower and surface Car- 
rier unit running: 

1290 tons refrigeration with 1145 hp, or 1.12 tons 
refrigeration to the mine per unit of horse- 
power 

Total horsepower requirements for ventilation 
and cooling: 
Summer Winter 
Cooling tower and cooling 
units underground receiv- 
ing water from tower 
Five 140-ton refrigeration 
units underground 
700-ton surface refrigera- 
tion unit 
Mine ventilation 
Totals 


1165 hp 980 hp 


1405hp  1405hp 

800 hp 
1645 hp 
5015 hp 


1645 hp 
4030 hp 


side of the coil station from which the air will 
enter. A concrete floor is poured and the sides are 
lagged, covered with asphalt paper and metal lath, 
and plastered. Two banks of coils, stacked three 
coils high, are installed. Each coil is 84 in. long, 
30 in. high, and four tube rows thick in the direc- 
tion of air flow. The plate-type fins are of 0.016-in. 
copper spaced six to the inch. This is a heavier gage 
fin and a wider fin spacing than is standard for most 
air conditioning work. The wider spacing makes it 
easier to keep the coils clean after they become cor- 
roded. The heavier fins add to the life of the coils. 
A pump rated at 175 gpm against 45-ft head takes 
water from the air washer sump and sprays it 
through 100 nozzles on the first bank of coils. This 
removes dust from the air and washes it off the coils 
and into the airwasher sump, which is cleaned peri- 
odically. Chilled water flows through the coils 
countercurrent to air flow. 

The fan moving air through the coils can be on 
either side of the coils. If it blows air through the 
coils it must be far enough in front of them to allow 
the air to spread out and cover the coils evenly. If 
the fan is on the discharge side it must not be close 
enough to be wet by the entrained water pulled 
from the condensate on the coils. When these coils 
are supplied with 200 gpm at 60°F they will cool 
25,000 cfm of air from 85° wet bulb temperature to 
69° wet bulb temperature. 

Improved Operation of Tower System: After the 
tower had been in operation it was observed that it 
could carry a larger heat load and still cool the 
water to the mine to the same temperature relative 
to the outside wet bulb temperature. In heat ex- 
changers below the 3600 level, water is heated an 
average of 12° and is too warm to cool water for 
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direct use in cooling coils. A set of heat exchangers 
installed in 1950 on the 3600 return water line now 
provides condenser water for four Carrier refrigera- 
tion machines. When this unit started supplying 
cooler condenser water than had formerly been 
available to the Carrier units, they operated at in- 
creased capacity with reduced horsepower. 

Each heat exchanger in the unit installed on the 
3600 level is made up of eight sections identical to 
those in the heat exchangers on levels below. To 
avoid increasing resistance in the cooling tower cir- 
cuit these sections are connected in parallel. The 
high pressure water is heated another 8° in this 
exchanger. A 100-hp pump circulates approximately 
400 gpm through the low pressure side of the heat 
exchanger, across to the Carrier units located at 
No. 3 shaft, and return. The water goes across in a 
6-in. insulated pipe and returns in two 6-in. lines. 
Total requirement of 6-in. pipe for the installation 
was more than 9000 ft. 

During the summer months outside wet bulb tem- 
peratures average more than 60° and run as high as 
72°. Even with the precooling coils in operation, 
temperature of the water coming from the cooling 
tower is limited by this wet bulb temperature and 
is not cool enough to produce the desired amount of 
cooling in the mine. A 700-ton Carrier unit was in- 
stalled on surface in 1954 to run in conjunction with 
the cooling tower and cool the water sent to the 
mine another 12°. This has lowered the average 
stope temperatures for these months. Chilled water 
coming out of the cold water sump at the tower 
goes through the cooler of the refrigeration machine 
and is cooled 12°. A 100-hp condenser pump takes 
the return water from the mine and the water com- 
ing from the precooling coils and pumps it through 
the condenser of this refrigeration machine and on 
to the top of the tower. Water comes back from the 
mine 21° warmer than the water going to the mine. 

An operator for this machine is in attendance for 
only 4 hr each day. If for any reason the refrigera- 
tion machine shuts down the tower will continue to 
operate and the mine will not be completely without 
cooling. 


Summary of Surface Tower-Carrier Combination 


During the late fall and winter months the tower 
is operated as a straight cooling tower without the 
precooling coils. Wet bulb temperatures for these 
months average below 50°. Water going to the mine 
averages 48° and may drop to 38° on cold winter 
mornings. 

Usually by the middle of April average wet bulb 
temperatures are above 50° and relative humidity 
is down to 20 pct. The precooling coils are then 
started. When the difference between the wet and 
dry bulb temperatures becomes about 30° the tower 
cools the return water down to the outside wet bulb 
temperature. About June Ist, when the average 
temperature of water to the mine has increased to 
about 60°F, the surface Carrier unit is started, cool- 
ing the water an additional 12°. During the most 
humid part of the summer, water comes from the 
tower at 72° and goes to the mine at 60°. As soon 
as the tower cools it to 57° the surface Carrier unit 
can be shut down. Ordinarily this is about the mid- 
dle of October. Usually by November 10th the pre- 
cooling coils can be shut down because the spread 
between wet and dry bulb temperatures is too little 
for them to be effective. 


N processing magnetic taconites several steps of 
crushing, grinding, classification, and magnetic 
separation are required to produce a 60° pct Fe con- 
centrate. Usually the final concentrate is in a slurry 
form of 55 to 70 pct solids by weight and is further 
characterized by a particle size of 60° pct —325 mesh. 
In taconite plants already completed or under con- 
struction the conventional method used to obtain 
pellets suitable for blast furnaces is to filter the con- 
centrate slurry, ball the filter cake, and then harden 
the green pellets in a traveling grate or in a vertical 
shaft furnace. 

Large tonnages must be handled in minimum floor 
space, with reduced maintenance and lowest possible 
operating cost. Filtration must therefore achieve 
two objectives: 1) high filtration rate—in terms of 
pounds of dry solids per hour per square foot of 
filtration area—at a low filtrate solids concentration, 
and 2) a filter cake moisture that will always permit 
efficient balling within the normal fluctuations of 
plant operating conditions. If moisture contents are 
too high, balling may be impossible or result in a 
mushy ball without enough green strength for the 
firing operation. 

Development work has met these objectives. At 
low investment and operating costs, filtration rates 
of 250 to 600 dry lb per hr per ft* have been attained 
for concentrates of 60° pct —325 mesh. By combin- 
ing the disk-type continuous filter with proper agi- 
tation, the Agidisc filter produces a homogeneous 
filter cake, easily discharged from the disk sectors. 
This application provides the lowest initial cost per 
square foot of filtration area, minimizes floor space, 
reduces down time for changing filter media to a 
negligible factor, and simplifies process control and 
maintenance for the operator. It is now possible to 
predict very closely the taconite concentrate filtra- 
tion rates for a wide variety of conditions—either 
by experience or with a few simple leaf tests. 

A. S. HENDERSON, Member AIME, is Chief Process Engineer, 
Reserve Mining Co., Silver Bay, Minn. C. F. CORNELL is Develop- 
ment Engineer, The Eimco Corp., Palatine, Ill. A. F. DUNYON is 
Sales Engineer, The Eimco Corp., Duluth, Minn. D. A. DAHLSTROM, 
Member AIME, is Director of Research and Development, The Eimco 
Corp., Palatine, Ill., and Associate Professor of Chemical Engineer- 
ing, Northwestern University, Evanston, Ill. 
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Filtration and Control of Moisture Content 


On Taconite Concentrates 


by A. F. Henderson, C. F. Cornell, A. F. Dunyon, and 
D. A. Dahlstrom 
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Fig. 1—Laboratory leaf test apparatus. 


When balling and pelletizing operations began on 
a continuous basis, it became apparent that moisture 
content of the filter cake was a critical factor and 
must always be controlled by the filter operator 
below some maximum allowable value. Accordingly 
the Reserve Mining Co. and the Eimco Corp. joined 
in a study of the many variables affecting filter cake 
moisture content. The study was conducted at the 
Reserve Mining Co. taconite plant at Babbitt, Minn. 

To process plant tonnage the Babbitt plant utilizes 
a 6-ft diam Agidisc filter with six disks and an 8-ft 
diam drum filter with 10-ft face. However, most of 
the plant filter investigations were made on the Agi- 
disc because of its superior performance. A consid- 
erable amount of small-scale test work was first 
carried out to study more closely the individual 
variables and ascertain their effect on filter cake 
moisture content. A general correlation method was 
then developed which allowed reasonable prediction 
of moisture content at any operating conditions. 
This step was made necessary by the fact that in 
full-scale filtering, operating variables usually in- 
teract to produce a combined rather than a singular 
effect. Studies were then made on the full-scale 
filters to prove the validity of the correlations de- 
veloped, and past operating records were examined 
to ascertain whether or not significant variations 
could be traced to any single factor or to a combina- 
tion of factors. 
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The Transactions papers appearing in Mintnc Encineertnc during 
1957 will subsequently appear in AIME Transactions Volume 208 
and may be permanently referenced to that volume. 
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Fig. 2—Cake moisture vs drying time. A 7/16 to 1/2-in. 
cake at 57 to 59 pct solids, magnetized without dust. Filter 
media: Saran 601. 


Investigation Procedure: To control the test work 
closely it was decided to obtain all samples of the 
taconite concentrate from the feed to the 6-ft diam 
Agidisc filter at the Babbitt plant. To insure further 
the uniformity of feed samples, all return dust* 
: * Undersized ‘pellets and dust from screening operation, reduced 
in size in a ball mill and added to filter feed. 
from the pelletizing section was removed from the 
filter feed, and this magnetic feed was maintained 
at a grind of about 88 pct —325 mesh. 

Filtering apparatus used for the tests was a cir- 
cular leaf, 0.047 sq ft in area, with a tapered bottom 
designed to give drainage identical to the full-scale 
filtration equipment. This leaf was fitted with the 
same media used on the plant filter and a shim 
which insured that all cake formed on the leaf was 
a uniform 0.047 sq ft in area. The leaf was con- 
nected to a receiver and from there to two vacuum 
pumps connected in parallel to give a sufficient and 
controllable air capacity to produce the desired vac- 
uum during the dry portion of the filtration cycle. 
Exhaust from the vacuum pumps was connected to 
a totalizing gas meter for air flow measurement. A 
sketch of this apparatus is shown in Fig. 1. 

To determine the singular effect of each variable 
on the cake moisture, one variable at a time was 
altered through a given range while the others were 
held constant. The most significant variables and 
ranges studied are given in Table I. 

After these basic tests had been completed the 
data were analyzed to establish optimum condi- 
tions for obtaining the lowest cake moisture. Sev- 
eral leaf tests were run at these conditions to deter- 
mine the effect of Separan and Tween 81* and the 


* Two chemical ac additives that have had success in other fields ‘in 
reducing cake moisture and/or producing a cake that is easier to 
handle. 


effect of dust on cake moisture and to compare filter 
media. 

To validate the general correlations of the leaf 
tests as applied to commercial-sized filters and to 
investigate more completely those variables found 
to affect cake moisture content markedly, filtration 
studies were made on the 6-ft Agidisc plant filter. 
To simulate leaf test conditions on this filter as 
closely as possible, studies were made on magnetized 
feed without dust. 
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The Babbitt plant has a strict production schedule, 
and since it is almost impossible to separate varia- 
bles on a commercial-size filter without making 
operational changes, it was necessary to do the test 
work under the particular operating conditions of 
each day. Slight changes were made in the cycle 
speed of the filters, but it was impossible to obtain 
long cycles, which would have reduced productive 
capacity of the filters. As extensive correlations 
could not be obtained, comparisons could be made 


Table |. Variables and Ranges Studied to Determine Effects on 


Cake Moisture 


Variable 


Selected Test Points 


Drying time o-, ein 0.15, 0.20, 0.25, 0.35, 


1.00, 1.25, 1.50 min 


0.50 
Cake thickness 5/16, 3/8, “s/s. 1/2, 9/16, 5/8, 
3/4, 7/8, and 1 in. 
Vacuum: form dry 5, 10, 15, 20, 25-in. Hg 


5, 10, 15, 20, 23-in. Hg 
45° through 110°F (10 points) 
Whatever available (approxi- 


Feed temperature 
Size distribution of feed solids 


mately 70 to 95 pct —325) 
Feed solids concentration 50, 55, 60, 65, 70, and 75 pct 
solids 
Filter media Eimco Saran 601 


Air rate through the cake Measured during tests. To be 
correlated in conjunction with 


all data 


only with leaf test results and the use of a general 
correlating factor developed from that data. Experi- 
mental results obtained from the laboratory leaf 
tests are presented here. Discussion of the singular 
effect of each variable on cake moisture is followed 
by a description of the collective effect of all 
variables. 
Leaf Test Results 

Drying Time: Increased drying time reduces cake 
moisture in smaller increments, since the decreasing 
amount of liquid attempts to overcome the large 
capillary forces present. A graph of this relation- 
ship has the characteristic knee-shaped curve that 
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Fig. 3—Cake moisture vs thickness. Magnetized without 
dust. A 21 to 23-in. Hg dry vacuum. Filter media: Saran 601. 
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Fig. 4—Cake moisture vs dry vacuum. 1/2-min dry time at 

72°F. 81.1 pct —325 mesh at 58 pct solids, magnetized 

without dust. A 1/4-in. cake at 5-in. Hg form vacuum and 

5/16-in. cake at 10-in. Hg form vacuum. Filter media: 

Saran 601. 


is followed by an asymptotic approach to a mini- 
mum moisture content. Previous experience has 
shown that the drying curves for all materials follow 
this general shape, and it was necessary to plot only 
a few points to determine the slope and the asymp- 
tote for taconite. 

Fig. 2 clearly indicates that increased drying times 
up to 0.6 min lower cake moisture considerably. 
Once this drying time has been reached, the curve 
rapidly becomes asymptotic and a very slight de- 
crease in moisture is cbiained. As increased drying 


time decreases the dry solids tonnage rate per square 
foot from the filter, it is imperative not to extend 
the drying time longer than necessary. Coarser 
grinds change the relative position of the curve, but 
the knee portion of the curve remains identical at 
about 0.6 min drying time. 


Cake Thickness: Decrease in cake thickness 
causes a decrease in cake moisture. This is due to 
the increase in total cake permeability as thickness 
is reduced. Other conditions remaining constant, 
the specific cake permeability remains fixed. How- 
ever, the total cake permeability decreases as thick- 
ness increases, and the general shape of the moisture- 
thickness curve for all materials is approximately 
the same, the cake moisture reducing rapidly to a 
minimum as thickness decreases. Several tests were 
made to determine at what thickness this minimum 
occurred for the taconite concentrate. 

The curves in Fig. 3 show that lowest moistures 
are obtained at cake thicknesses of about % in. 
Reduction in thickness beyond this point would not 
reduce cake moisture significantly and would cause 
considerable difficulty in discharging the cake from 
the disk-type filter. 

Form Vacuum: Form vacuum is defined as the 
vacuum applied to the cake-forming or pick-up por- 
tion of the filtration cycle. It was established that 
the highest possible form vacuum should be used to 
obtain the lowest cake moisture. Test results showed 
that raising the form vacuum from 10 to 25 in. Hg 
decreased moisture content more than one percent- 
age point. 

Dry Vacuum: The effect of vacuum on the dry 
portion of the filter cycle is to reduce the moisture 
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content as vacuum or pressure differential is in- 
creased. The thin film of liquid on the cake solids 
is subjected to an increasing air velocity as vacuum 
increases, reducing liquid film thickness and conse- 
quently cake moisture content. Thus the typical 
moisture-vacuum shows a rapid decrease in mois- 
ture to an asymptotic value as vacuum increases. 

As shown in Fig. 4, cake moisture becomes asymp- 
totic at about 23 in. Hg. Since cake moisture de- 
creases about three percentage points from 13 to 
23-in. Hg vacuum, it would seem essential to oper- 
ate the filters at or above the 23-in. Hg vacuum 
level. 

Feed Temperature: When feed temperature is 
increased viscosity is reduced, lowering cake mois- 
ture. This reduction in viscosity is more pronounced 
at lower temperatures. For example, a viscosity 
change from 32° to 50°F is 0.5 centipoise for water, 
but from 50° to 70°F it is only 0.3 centipoise. From 
this it can be expected that cake moisture will de- 
crease rapidly when the feed temperature is raised 
from 32° to 50°F and will decrease more slowly with 
further temperature increases. A similar phenome- 
non has been noted in dewatering coal at wet proc- 
essing plants.* 

The curve in Fig. 5 follows expectations and even- 
tually becomes asymptotic as temperature increases. 
It will be noted that the lowest cake moisture is 
obtained after feed temperature has reached 80° to 
90°F and that moisture increases very markedly if 
feed temperature is reduced beyond 50°F. Feed tem- 
perature should be kept as far above 50°F as is 
practical under plant conditions by limiting the use 
of fresh water make-up in the circuit. 

Percent —325 Mesh Solids in Feed: Fig. 6, a graph 
of the moisture-grind relationship, shows the rapid 
increase in cake moisture as the grind increases past 
90 pct —325 mesh solids. This is due to a decrease in 
porosity and permeability of the cake and to an in- 
crease in the specific surface of the solids. Between 
70 and 90 pct —-325 mesh the curve is not as steep 
as beyond 90 pct, but cake moisture content con- 
tinues to decrease steadily with coarser grind. 

Feed grind is determined by plant operation in 
recovery of iron from ore and cannot be lowered 
appreciably to reduce cake moisture content. Test 
results show, with regard to cake moisture, that 
there will be considerable difficulty in the balling 
and pelletizing operations as feed grinds increase 
beyond 90 pct —325 mesh. For best operation it is 
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Fig. 5—Cake moisture vs feed temperature. ‘2-min dry 
time. 88 pct —325 mesh at 63 pct solids, magnetized with 
dust. ¥-in. cake at 23-in. dry vacuum. Filter media: Saran 
601. 
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Fig. 6—Cake moisture vs percent —325 mesh. A '2-in. 
cake at 22 to 23-in. Hg dry vacuum. ‘2-min dry time at 
70°F. 60 pct solids, magnetic without dust. Filter media: 
Saran 601. 


© WITH DUST~- 63%~- 325 MESH 


NO DUST - 68-91% -325 MESH 


DATA 


WITHOUT DUST AT 88 TO 89 PCT- 325 MESH) 
60 80 100 


Fig. 7—Cake moisture vs general correlating factor. Com- 
parison of Agidisc data (run without dust at 88 to 89 pct 
—325 mesh) with leaf test data. Filter media: Saran 601. 
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Fig. 8—Rate vs drying time. 57 to 59 pct solids, magnetized 
without dust. Filter media: Saran 601. 
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highly desirable that a minimum grind be main- 
tained that is consistent with acceptable iron re- 
covery. 

Feed Solids Concentration: The effect of feed 
solids concentration on cake moisture varies with 
the type of material being filtered. Usually the cake 
moisture decreases as solids concentration increases, 
but occasionally certain materials exhibit a mini- 
mum point in the curve. This relationship is a func- 
tion of cake formation. Different materials form 
tighter cakes according to the amount of solids 
present and the size and shape of the particles. In 
the case of taconite concentrate filtration, the mini- 
mum in the moisture-solids relationship appears to 
be near 55 pct solids, and it seems probable from 
the data that cake moistures could be lowered 
slightly by decreasing the pulp density from 70 pct 
towards 55 pct solids. 

Effect of Additives: With the discovery of new and 
better additives and reagents, some industries have 
incorporated their use to produce a more easily dis- 
charged and/or a more easily handled cake. It was 
hoped that certain of these additives could be used 
to lower the moisture content of the filter cake, since 
ease of handling is already at optimum level. 

Two additives that were believed to have the 
greatest chance of success are Separan, which is a 
flocculant, and Tween 81, a non-ionic wetting agent. 
Separan actually increased the cake moisture con- 
tent and was discarded in further testing. When 
Tween 81 was used, moistures were slightly lower 
until after 0.75 drying time, when they became 
greater than without the additive. It was decided 
that the slight reduction in moisture did not war- 
rant the expense of using this additive. 

Effect of Various Cloths: A number of cloths were 
tested in comparison with a monofilament Saran 
cloth with a 6/1 Satin weave that has been used 
very successfully on filters at the Babbitt plant. It 
was hoped that a cloth would be found that would 
produce a cake with lower moisture content while 
permitting the good discharge obtained with Saran 
cloth. 

The cloths tested were monofilament nylon, mono- 
filament Polyethylene, monofilament Saran, and 
high-twist multifilament nylon. All gave cake mois- 
tures and discharging properties similar to those 
attained with the Saran cloth already employed. It 
is possible, however, that these cloths would last 
longer than the Saran. 

General Correlation: To present an overall pic- 
ture in one graph, cake moisture was plotted as a 
function of a general correlating factor incorporat- 
ing all major filter operating variables directly 
affecting moisture. These factors are pressure drop 
(vacuum level), drying time, cake thickness, air 
rate through the cake, and viscosity (temperature). 
The correlating factor is as follows: 


6 
Correlating factor = (AP) ( = ) 


(>) 


in which AP = pressure differential or the vacuum 
level on the drying portion of the 
filtration cycle, expressed in inches of 
mercury vacuum. 
6) = drying time (that portion of the fil- 
tration cycle in which the cake under 
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Fig. 9—Cake moisture vs percent —325 mesh. 


Operating data from Agidisc filter at Babbitt, Minn., January through Septem- 


ber 1955. Water temperatures: 32° to 45°F, 46° to 60°F, and 61°F and higher. See corresponding symbols above. 


vacuum is exposed to the atmosphere) 
expressed in minutes. 
D = cake thickness expressed in inches. 
cfm air rate through the cake during the 
(> sta Gry cycle expressed in cubic feet of 
gas per minute per square foot of 
filter area at standard conditions (at- 
mospheric pressure and 60°F). 
» = viscosity of the liquid passing through 
the cake solids expressed in centi- 
poises. 


This general correlation has been developed pre- 
viously and will be found in the technical litera- 
ture.” For any individual series of tests the filter 
media, feed solids concentration, dust content, and 
grind were held fixed. However, the feed grind or 
feed solids size distribution should be considered a 
major parameter in any correlation of moisture con- 
tent as a function of this factor. Since the return 
dust content of the filter feed affects the feed solids 
size distribution, the return dust content is actually 
a parameter similar to feed grind. 

The top curve in Fig. 7 represents data taken at 
Babbitt with dust, and the lower curve illustrates 
results without return dust present. It will be ob- 
served that cake moisture decreases rapidly at first 
as the correlating factor increases. Then moisture 
slowly decreases to an asymptotic value upon fur- 
ther correlating factor increases. This graph has an 
expanded moisture scale to allow the points to be 
read more easily. Ordinarily, plotted moisture 
values are closer together and this curve would 
exhibit a very sharp break to an asymptotic line. 
Actually the correlation curve of taconite concen- 
trate shows one of the sharpest breaks of all mate- 
rials tested. This means that the taconite filter cake 
reduces to its asymptotic value much more rapidly 
than most materials. From the standpoint of eco- 
nomical design, operating conditions would be the 
highest point on the curve that gave the desired 
moisture for pelletizing. However, if any fluctua- 
tions in operating conditions occur, there is a strong 
danger that moisture content will be too high, if the 
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value of the correlating factor is lowered. Optimum 
operation would be closer to the base or in the rela- 
tively flat portion of the curve. At this point approx- 
imately the lowest moistures obtainable will be re- 
alized. If sudden upsets or peak tonnages arise and 
operating variables cause the correlating factor to 
decrease, cake moisture will increase only slightly, 
causing no hindrance to following operations. 

Curves in Fig. 7 indicate that size distribution of 
feed particles greatly affects the cake moisture. It is 
also evident that the addition of return dust (with 
its excess fines and slime content) changes the feed 
size distribution sufficiently to cause a drastic change 
in cake moisture. 

Normal operation at the Babbitt plant with the 
present tonnage and filtration equipment would pro- 
duce a correlating factor of 10 to 20. For this range 
the average moisture content would be 11.0 to 10.5 
wt pct. To obtain an optimum position for ease of 
operation and lower cake moistures, it will be neces- 
sary to increase the correlating factor to a more 
level position on the curve. This means that the 
variables incorporated in the correlating factor must 
be changed: 1) Pressure differential is now at maxi- 
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Fig. 10—Agidisc filter: cake moisture vs drying time. 85 to 
86 pct —325 mesh at 55 to 57 pct solids, magnetic feed. 
23 to 24-in. Hg dry vacuum at 59 to 60°F. Filter media: 
Saran 601. 
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mum value, which was found to be the most econom- 
ical position. 2) Drying time can be increased to 
increase the correlating factor and result in a lower 
cake moisture. 3) Cake thickness is approximately 
at its lowest limit in the present operation and can- 
not be greatly improved. 4) Air rate through the 
cake is dependent on the pressure differential and 
vacuum pump used and therefore remains fixed at 
the particular quantity associated with maximum 
vacuum. 5) Viscosity is dependent on temperature 
of feed to the filters. Since it may not be economical 
to increase this temperature, which cannot be con- 
trolled appreciably, the viscosity factor is more or 
less fixed with the time of year. The remaining 
variables, pulp density and pulp grind, are not di- 
rectly associated with the correlating factor—they 
are a function of plant operation and therefore fixed 
quantities. Thus the only variable that can be 
changed to obtain a larger correlating factor is dry- 
ing time. If all remaining variables are held con- 
stant at optimum or operational levels, drying time 
can be increased to obtain lower moistures and 
greater stability of operation. As drying time also 
affects the capacity or production of the filter, a 
change in this factor influences the economics of the 
operation. 

Rate: Rate varies inversely with cycle time in all 
installations. According to the ideal relationship, rate 
is a function of time to the —% power. In this case, 
however, it was decided to increase drying time 
alone and hold cake thickness constant. A log-log 
plot of rate vs drying time with constant cake thick- 
ness results in a straight line with a slope of —1. 
This is illustrated in Fig. 8. 

Expected plant operation will use a drying time 
of 0.25 to 0.35 min. With a cake of 7/16 in., this re- 
sults in a rate of about 550 lb dry solids per hr per 
ft’. If the operation were changed to permit a longer 
drying time, the rate would drop in accordance with 
Fig. 8 if the cake thickness were held constant at 
7/16 in. The conclusion reached from analysis of 
Fig. 2 (moisture vs drying time) was that prolonged 
drying time up to 0.6 min was advantageous. The 
rate at 0.6 min drying time with 7/16 min cake 
thickness would be about 265 lb per hr per ft’ (Fig. 
8). Productive capacity of the filter would be halved 
with this increase in drying time. The effect on cake 
moisture is evident in Fig. 7. With the doubled dry- 
ing time, the correlation factor is doubled to the 20 
to 40 range, with a reduction of 0.5 pct cake moisture. 


Agidisc Filter Results 


To correlate the previous leaf test analyses with 
full-scale results, tests were performed on the Agi- 
disc filter at the Babbitt plant under typical operat- 
ing conditions. Fig. 9 presents data on feed grind, 
feed temperature, and cake moisture, compiled from 
January through September 1955. Data were classed 
in three groups according to feed temperatures from 
32° to 46°F, 46° to 60°F, and above 60°F. 

The curve in Fig. 9 was drawn through what was 
selected as the median temperature range. All points 
falling in the 46° to 60°F group were placed in this 
median range. It will be noted that almost all the 
points in the 32° to 45°F range are above this median 
curve, whereas most of the points above 60°F fall 
below the curve. This substantiates the leaf test 
temperature results illustrated in Fig. 5. It is also 
interesting to note that almost all the 32° to 45°F 
data lie between 76 and 85 pct —325 mesh, whereas 
data above 60°F lie primarily between 83 to 93 pct 
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—325 mesh. This can be partially explained by the 
fact that the classifiers used in the circuit would 
naturally operate at lower classification points with 
the higher temperatures due to the lower viscosity. 

This same curve verifies the pulp grind leaf test 
data presented in Fig. 6. If reduced to the same scale, 
both curves have the same slope at identical grinds. 
The data curve for the leaf tests is lower in position, 
having been obtained on feed without return dust 
present. Most of the data in Fig. 9* included dust in 


”* Taken from daily averages incorporating results from all hours 
of the day. 


the filter feed. The only difference in the curves, 
therefore, would be the difference in cake moisture 
obtained with and without return dust in the feed. 

One conclusion reached from the leaf tests was 
that the only variable that could presently be 
changed to reduce cake moisture at Babbitt was dry- 
ing time. To do this on a plant filter it is necessary 
to increase the cycle time. This in turn increases 
form time, resulting in a thicker cake. As mentioned 
before, thicker cakes produce higher cake moisture. 
Even with increased cake thickness, however, the 
decrease in moisture upon prolonged drying is ap- 
parent (Fig. 10). If cake thickness were held constant 
the moisture decrease would be greater with in- 
creased drying time, as shown in Fig. 2. In Fig. 10 
a comparison is made between feed with and with- 
out dust. Throughout the range tested the difference 
between results is about 0.3 pct moisture. Thus the 
relationship between cake moisture and drying time 
as shown by the leaf tests is verified by results from 
the Agidisc filter. 

As no one variable could be separated during the 
full-scale filter studies, the only effective way to 
compare the leaf test results with the plant filter 
results would be to use the correlating factor in 
evaluating the data, exclusive of size distribution. 
It then makes no difference during the tests whether 
one variable or all variables change—the factor in- 
corporates alterations into one total change. 

The curve representing the leaf test results of feed 
without dust was used as a basis of comparison with 
data obtained on the Agidisc filter of feed without 
dust. Results for the Agidisc filter (shown on lower 
curve of Fig. 7) lie almost on the curve for the leaf 
tests. Their moisture values are slightly lower than 
the leaf test values at the same correlating factor. 
However, the leaf test data were obtained on feeds 
of 88 to 91 pct —325 mesh, whereas the Agidisc re- 
sults were obtained on feeds of 86 to 89 pct —325 
mesh. It would be expected, therefore, that the feeds 
with the coarser grind would have slightly lower 
cake moistures, as pointed out previously. Allowing 
for this difference in pulp grind, values for both leaf 
and Agidisc tests would be similar. It is safe to con- 
clude that results reached from leaf test work can be 
applied to large filter operation. 


Conclusions 

Based on results obtained with the leaf tests and 
later confirmed on the Agidisc filter at Babbitt, the 
following conclusions are made with regard to min- 
imizing cake moisture: 

1) Cake moisture can be lowered by prolonged 
drying time. Drying times longer than 0.6 min are 
probably not economical. A drying time of 0.6 min 
would decrease moisture content at Babbitt by 0.5 
to 1.0 pct under present operating conditions. 

Present operation: 0.25 to 
0.32 min drying time 
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2) Filtration rates at Babbitt are now 550 lb per 
hr per ft*. Increasing the drying time to 0.6 min 
would drop filtration rate to 275 lb per hr per ft’, 
but with a decrease of 0.5 pct or greater in moisture 
content. 
Present operation: 550 lb 
per hr per ft* 

3) Cake thickness should be as thin as possible 
and still maintain good discharge ability. This is 
about % in. 

Present operation: % to % 
in. 

4) Both form and dry vacuum levels should be 
as high as possible to obtain the lowest cake moist- 
ure content. This level determines the air rate 
through the cake for a particular vacuum pump. 
Present operation: top vac- 

uum 


5) Lower cake moistures will be obtained with 
increased feed temperatures. If possible, feed tem- 
peratures should not fall below 50°F. 

Present operation: function 
of climatic conditions 
only 


6) Increased pulp grind increases cake moisture 
content. Grind should be maintained at a minimum 
—325 mesh percent consistent with acceptable iron 
recovery. However, if 90 pct —325 mesh or greater 
must be employed, cake moisture will rise appre- 
ciably. 


Present operation: nor- 
mally about 88 pet —325 
mesh 


7) Optimum pulp density for the Agidisc filter is 
not known precisely but the operation appears good 
at 55 to 60 pct solids. 
Present operation: 55 to 65 
pet 
8) The filter medium that should be used is Eimco 
Saran 601 until a medium with better overall per- 
formance is discovered. Cloths that might prove 
better from an economic standpoint are nonfilament 
nylons and Polyethylenes and high twist nylon. 
Present operation: Eimco 
Saran 601 
9) Addition of normal amounts of return dust of 
the filter feed at Babbitt increases cake moisture 
about 0.3 pct over feed without dust. 
Present operation: 
dust 


with 
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RANSIENT potentials obtained in resistivity 

prospecting can be separated into two classes. 
The first is electromagnetic, has a comparatively 
short time constant, and increases in relative am- 
plitude as the electrode separation is increased. 
These electromagnetic transient potentials, of which 
an excellent theoretical treatment is given by Yost,’ 
are the result of changes in the current and can be 
classed as differentiated signals. The second class 
is electrochemical, has a comparatively long time 
constant, and decreases in relative amplitude as the 
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Experiments in Induced Polarization 


by John H. Henkel and Robert G. Van Nostrand 


electrode separation is increased. The electrochem- 
ical signals are generated by the current flow itself 
and can be classed as integrated signals. The tran- 
sient potentials due to electrochemical factors are 
the subject of this article. The phenomenon is re- 
ferred to as induced polarization. 

Schlumberger’ was the first worker to observe in- 
duced polarization, but he was unsuccessful in at- 
tempts to apply the principles of induced polariza- 
tion in electrochemical prospecting. Other workers, 
notably Bleil,* have studied polarization and in some 
cases pointed out its possibilities, but no theory has 
been presented that describes polarization and its 
time dependence adequately. It is the purpose of this 
discussion to present the essence of a theory to geo- 
physicists and to show that it leads to results con- 
sistent with experimental evidence. The theory on 
which this analysis is based has existed in electro- 
chemical circles since 1910.* 
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Three assumptions underlie this theory. Follow- 
ing the work of Hittorf,’ it is assumed that there 
is no net free charge at any point in the solution, 
even though the conduction is electrolytic in na- 
ture.* It can be seen that this is true when current 

* This is open to. objections, since it is assumed that the induced 
polarization occurs at the surfaces of clay particles where there is a 


Space charge whose distribution falls off exponentially from the 


surface of clay particles, as calculated by using Boltzmann's dis- 
tribution. 


flows through a long tube, with copper electrodes at 
each end, containing an electrolyte such as a solution 
of CuSO,. If the fraction of the total current carried 
by the copper ions is designated by a, the fraction of 
the total current carried by the sulfate ions is given 
by 1—a. After a passage of I amperes for a short 


time, At, a total of (alat) ( ) copper atoms 


have moved away from the anode. In this expres- 
sion, N is Avogardo’s number, F is one Faraday of 
electric charge, and 2 is the valence of the cop- 
per. During the same interval of time, a total of 


N 
atoms of copper enter the solution 


according to Faraday’s law. Therefore the region 
immediately adjacent to the anode is enriched in 


copper by (1 — a) (rat) ( ) atoms during the 
interval At. Also during the same interval of time, 
the same number of sulfate ions enter the region 
adjacent to the anode. However, a complex reaction 
takes place at the anode: oxygen is liberated and 
the sulfate ions are held in solution, thus enriching 
the anodic region by a number of sulfate ions equal 
to the excess of copper ions. A similar analysis 
shows that the region adjacent to the cathode loses 
the same number of copper sulfate molecules that 
the anodic region gains. 

The second assumption follows from the first and 
states simply that the polarization potential ob- 
served in electrical prospecting is a concentration 
potential.* Although the principal electrolyte in the 


* This assumption is open to criticism, since Agar and Bowden* 
point out other types of polarization. 


earth is sodium chloride solution, its behavior would 
follow that given in the above example. Therefore, 
a concentration cell is established between the re- 
gions around the cathode and anode. When the en- 
ergizing current is stopped, it is possible to observe 
an induced polarization current as this concentra- 
tion cell dissipates its stored energy. 


+t, t,-—> —> <= t, — t, — 


CURRENT —> 


Fig. 1—Typical current shape used in polarization experiments. 


The third assumption ties the laboratory model to 
field experience. The authors believe that earth 
materials, and particularly clays, are selective in 
the transmission of ions. Although there is dis- 
agreement as to the actual mechanism involved,” * 
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it appears that certain clay particles permit only the 
passage of positive ions in a manner analogous to 
that by which metals permit only the passage of 
PLASTIC CASE 


x 


TEST 


COPPER 
POTENTIAL 
ELECTRODE 


Fig. 2—Test cell for polarization experiments. 


{ 


COPPER 
CURRENT 
ELECTRODE 


CuSO, SOLUTION 


electrons, provided the concentration of the solute 
is small compared with the space charge of the clay 
particles. Therefore each face of one of these clay 
particles in an electric current becomes an elec- 
trode which furnishes a region of anomalous con- 
centration as described above. After an energizing 
current has been terminated, each of these elemen- 
tary concentration cells discharges, adding to the 
net effect that is measured at the surface of the 
earth. 

In the interest of simplicity, only the basic equa- 
tions are presented, without discussion as to how 
they are solved. Details will be found in the article 
by Rosebrugh and Miller,‘ on whose work this de- 
velopment is based. 

As originally derived and as presented here, this 
theory is strictly applicable only to metal electrodes 
in contact with homogeneous electrolytes. However, 
it will be seen later that the theory gives satisfac- 
tory agreement with experimental data obtained in 
porous media where the assumed conditions are 
questionable. The authors believe it to be at least 
a good approximation in porous earth materials. 

First, the current density due to migration of ions 
arising both from differences in concentration and 
an impressed electric field is 


J [1] 


Here Z is the valence without regard to sign, F is 
62,500 coulombs, D is the diffusion constant, C the 
concentration, M the ion mobility, and E the electric 
field. The plus and minus signs used as superscripts 
refer to the positive and negative ions respectively. 
The basic equation to be solved is the equation of 
continuity: 


[2] 


Its solution is subject to Laplace’s equation: 
vy: E=0 [3] 


The applicability of Laplace’s equation arises from 
the fact that the net charge is everywhere zero in 
the solution, except perhaps within a distance of a 
few molecular diameters of the metal surfaces. The 
diffusion constant can be expressed in terms of the 


ionic mobilities by the following relationship: 
M* RT 
(4) 
Z*F 


where R is the universal gas constant and T is the 
absolute temperature. 
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at 


Fig. 3—Typical oscillograph display of polarization signals. 


Because there seems to be little hope of determin- 
ing the many complex constants that enter the 
polarization equations as applied to earth materials, 
examination of the time dependence of the solutions 
discussed by Rosebrugh and Miller offers the most 
convenient check on validity of the theory. More- 
over, the time dependence is the same whether the 
problem to be considered is one-dimensional or 
three-dimensional. 

For sufficiently small current densities, such as are 
used in electrical prospecting, it is found that the 
polarization electric field due to a single current 
pulse is given approximately by 


E=K > | 
f (2n—1)* e e 


[5] 


The constants K and k depend on the geometry 
of the experiment, as well as the electrical proper- 
ties of the solutions involved, and f(z,y,z) is a 
function of position. Also, it will be noted that K is 
a linear function of the total current I. The time t is 
measured from the instant the energizing current 
is turned off and t, designates the time the energiz- 
ing current is applied to the ground or to a given 
sample. Thus it is seen that the first term in brackets 
arises from the end of the current pulse and the 
second term arises from the beginning of the cur- 
rent pulse. 

If the energizing current is applied and measure- 
ments are made in a repetitive fashion, there will be 
a set of terms in the solution corresponding to the 
two given above for every interval during which 
the current is applied. Consider the case in which 
the energizing current is applied as shown in Fig. 1: 


E= K > 


n=l m=? (2n—1 )’ 


[6] 


where t is now measured from the last time the 
current is turned off. 

Experimental Procedure: Fig. 2 shows the spe- 
cially designed cells in which the laboratory ex- 
periments were performed. These cells consisted of 
rectangular boxes 4 in. long and 1% in. square. Each 
end of the box was covered with a copper electrode 
through which current was brought into the cell. 
Since these electrodes covered the entire cross sec- 
tion of the cell, the current flow was considered to be 
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one-dimensional. In some cases the open top of the 
cell was covered with wax to eliminate evaporation 
and thus to maintain homogeneity. 

The electrolyte was usually copper sulfate solution 
in various concentrations, although other salts in- 
cluding sodium chloride were sometimes used with 
comparable results. Nonpolarizing potential elec- 
trodes were tried but gave the same results as the 
copper electrodes, which were more convenient to 
use. 
Although CuSO, is not the salt that enters into 
most reactions in the earth, the authors believe that 
the same principles are involved regardless of the 
salts used. CuSO, was used because it was believed 
that there was some improvement in the perform- 
ance of the potential electrodes when the copper was 
in contact with a salt of copper. 

The test substances were cut into plates, which 
exactly filled the cross section of the cell, and were 
placed in the center of the cell. These samples con- 
sisted of metal plates singly or in combination, sand- 
stones, shales, and limestones. For certain experi- 
ments, loose sand samples were used; in this case, 
the sample filled the whole cell and the conducting 
fluid filled only the pore spaces in the sand. The 
potential differences across the sample were meas- 
ured through the two small copper electrodes placed 
as shown in Fig. 3. It was considered that these 
electrodes were small enough not to upset the con- 
ditions being measured or the linear flow of current 
that was assumed. 

In all cases the current was applied to the cell 
in the manner illustrated in Fig. 1. The reversing 
feature of the current was chosen so that a cumula- 
tive polarization would not be produced. The sweep 
of the oscilloscope on which the transient potentials 
were observed was adjusted so that the signal for 
negative current was superimposed on the signal for 
positive current (Fig. 3). By working with the 
difference between these two signals, it was possible 
to eliminate the effect of any natural potential dif- 
ference between the potential electrodes. During 
normal operation the potential electrodes were dis- 
connected while current was being applied to the 
cell. The reason was that the in-phase potential is 
comparatively so large that accurate measurement of 
the polarization potential would be difficult if the 
two were recorded on the same scale. Signals similar 
to those shown in Fig. 3 were recorded by photo- 
graphing the traces on the oscilloscope screen. 


c 


AMPLI- 
— fe FIER SCOPE 
R, Ro 4 
Rs 
FREQ DIV 
[ SQUARE 
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Fig. 4—Schematic diagram of apparatus used to measure 
induced polarization. 


Fig. 4 is a diagram of the circuit used to study 
polarization. All the switching was done with mer- 
cury contact relays. The output of a square wave 
generator regulated relays R, and R,. It also regu- 
lated the frequency divider, which in turn controlled 
the relay R,. The relay R, makes and breaks the 
current switch, thus generating a train of square 
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Fig. 5—Relationship between polarization and energizing 
current. 
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pulses of much larger amplitude than could be ob- 
tained directly from the square wave generator. The 
relay R, reverses the polarity of the current line 
every time the current switch goes into the off posi- 
tion. The bi-directional square wave shown in Fig. 
1 was produced with this device. The relay R, shunts 
the amplifier while the energizing current is flowing 
and connects the potential electrodes to the ampli- 
fier 1 m-sec after the current is turned off. This 
delay eliminates the electromagnetic transients from 
the record. In most of the experiments the currents 
used were of the order of a few milliamperes or 
smaller. 

Results: In most of this work, the index used to 
measure polarization was the peak-to-peak signal. 
Peak-to-peak polarization is the maximum differ- 
ence between the positive and negative signals. Be- 
cause of the manner in which the measurements 
were made, this maximum occurred 1 m-sec after 
the current was turned off. This quantity is desig- 
nated as E,. 

The result when there was no sample in the cell 
is as important as later results obtained with sam- 
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Fig. 6—Effect of the number of surfaces on polarization. 
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Fig. 7—Effect of clay thickness on polarization. 


ples. The cell was filled with various electrolytes in 
a variety of concentrations. With no solid obstruc- 
tions between the potential electrodes in the cell, 
no polarization signal could be detected. This kind 
of experiment satisfied the writers that they were 
not measuring electrode effects in later experiments. 

The theory shows that for low current density the 
polarization potential should vary directly as the 
current density. If the geometry of the experiment 
is not changed, the current density varies directly 
as the total applied current, which is the quantity 
used in the comparison. This dependence is illus- 
trated in Fig. 5, in which the peak-to-peak polariza- 
tion is plotted against the current applied to the 
cell. The experiment was run with a copper plate 
placed between the potential electrodes so that the 
entire current passed through the plate. For cur- 
rents up to 10 ma, it was found that the polarization 
is proportional to the applied current. The corres- 
ponding current densities in the cell were larger 
than those used in electrical prospecting except in 
the immediate vicinity of the current electrodes. For 
larger currents, it was found that the ratio E,/I de- 
creased slightly, but the writers did not reach what 
they could consider to be saturation. 

The number of copper plates between the potential 
electrodes was varied to show that the phenomenon 
under investigation is a surface effect. Results are 
shown in Fig. 6. The plates used were cleaned with 
nitric acid, and every effort was made to make them 
identical. When a single plate was used, the results 
were independent of the thickness of the plate. It 
can be seen from Fig. 6 that the polarization varied 
linearly with the number of plates (or surfaces) 
introduced between the potential electrodes. 

An analogous experiment was performed on clay 
to show that the effect in clay is a bulk property of 
the clay itself and not a function of its visible, ex- 
ternal surfaces. Fig. 7 shows the result of increasing 
the thickness of a sample of clay. The polarization 
due to clay varies directly with the thickness of the 
sample.* In this case, large potential electrodes 


*In connection with the work on clays it is well to mention the 
work of Vacquier.* 


were used to hold in place the samples that were 
actually a viscous drilling mud. It was the effect of 
these electrodes that caused the zero-thickness po- 
tential observable in Fig. 7. 

The writers also checked the dependence of polar- 
ization on concentration of the electrolyte. Fig. 8 
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Fig. 8—Relationship between polarization and the electrolytic 
concentration. 


shows a plot of the peak-to-peak polarization as a 
function of 1/yC where y is the activity coefficient of 
the copper sulfate solution at concentration C. The 
activity coefficients used are those given by Taylor.” 
As predicted from the theory, these points all fall on 
a straight line. 

The most important test of the theory is the de- 
pendence of the polarization decay upon time. Fig. 
9 shows some experimental data (plotted points) 
and a theoretical curve (solid line) that was cal- 
culated from the time dependence indicated above 
and adjusted arbitrarily to an appropriate scale. 
Although the data shown are for an experiment in 
which a copper plate was used, they are typical of 
all the data both for copper plates and for earth 
materials. It is believed that the excellent agreement 
shown here enhances considerably the value of the 
theory outlined in this article. The authors have 
fitted equally well many of the field curves Van 
Nostrand and Farnham” obtained in Virginia using 
the Wenner configuration on the surface of the 
ground. 

In addition to the work discussed, the writers 
have performed many other miscellaneous experi- 
ments. For example, they have found that clean 
sand does not display polarization but that small 
amounts of impurities, such as are found in naturally 
occurring sands, cause marked polarization. Lime- 
stones display polarization that varies considerably 
from sample to sample. They have also found that 
polarization of a metal plate depends largely on the 
nature of its surface. A clean plate does not polarize 
nearly as much as one that is covered with natural 
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Fig. 9—Typical decay of polarization with time. 


corrosion. This point has not been stressed here 
because its geological implications are not at all 
obvious. 
Conclusions 

From the experiments described, it is concluded 
that induced polarization is a surface phenomenon 
and is present whenever the mode of electrical con- 
duction changes. Polarization occurs, for example, 
whenever electrical conduction changes from elec- 
trolytic to metallic or whenever the transference 
numbers of the participating ions change as they 
do at a liquid-liquid contact. Clay particles are of 
prime importance in polarization in the earth be- 
cause they tend to obstruct the passage of anions. 

Experiments, as far as they have gone, verified 
the theory. It was shown that the time dependence 
of the phenomenon was as described by Eq. 6; it was 
proved that for sufficiently small current densities 
the polarization is proportional to the applied cur- 
rent; and it has been shown that the polarization 
is inversely proportional to the chemical activity 
times the concentration of the electrolyte. Although 
the writers have not thoroughly investigated the 
cause of induced polarization, they believe that the 
facts reported here are pertinent to an understand- 
ing of induced polarization. Such understanding is 
essential to the eventual exploitation of induced 
polarization in geophysical prospecting. 
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Coking Properties Of 
Pittsburgh District Coals 


by F. W. Smith, D. A. Reynolds, and D. E. Wolfson 


N 1948 the U. S. Bureau of Mines began a three- 

phase program to evaluate the extent and quality 
of U. S. coking coal: 1) a factual appraisal of known 
recoverable reserves in beds of mineable thickness, 
2) a study of preparation characteristics, and 3) a 
study of carbonization properties. A previous paper 
presented the methods used in assessing reserves.’ 
Although this investigation is only partly completed, 
data on coking properties of the Pittsburgh district 
coals are now available. The results are presented 
in this article. 


When coals are selected for manufacture of metal- 
lurgical coke more factors must be considered than 
for any other major use, as no basic industry re- 
quires coal of such high quality and uniformity. 
This is particularly true in the Pittsburgh district, 
where blast furnace practice is based on use of 
cokes from high quality coals. Although it is true 
that inferior coals are carbonized in other industrial 
areas, both here and abroad, the Pittsburgh coals 
are the best economically obtainable in the required 
tonnages, even though they are not the most de- 
sirable for metallurgical use. 


In the general evaluation of suitability of coals 
for coke making, particular attention is given to: 1) 
reserve, 2) ash and sulfur content, 3) inherent prop- 
erties of forming strong, well fused coke, 4) ex- 
panding characteristics, and 5) blending properties. 
Items 1 and 2 are covered in detail in the first two 
phases of the survey, and coking behavior is con- 
sidered in items 3 through 5. 


Problems in Coal Evaluation: Although not all 
coal beds of immediate or potential use to the coking 
industry in the Pittsburgh area have been tested for 
their coking properties, enough tests have been 
made to permit certain generalized statements. 
Virtually all the coals that will be used in this dis- 
trict are from the Appalachian region, and except 
for high oxygen coals from outcrops or stripping 
operations, they are coking coals. Hence the evalu- 
ation problem is not so much that of distinguishing 
between coking and noncoking coals as attempting 
to measure quantitatively differences in the coking 
and expanding properties of the better coking coals. 
Quantitative differentiation between good coking 
coals is complex, since differences in their coking 
abilities are frequently of about the same magni- 
tude as the precision of the test. Small-scale tests 
are generally unsuitable for measuring these slight 
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differences, and there has been gradual acceptance 
of pilot-scale tests. 

Test Methods Employed: All the data reported 
here were obtained in two units known as the 
Bureau of Mines-American Gas Association (BM- 
AGA) carbonization apparatus and the sole-heated 
expansion oven. The BM-AGA unit, which consists 
essentially of a cylindrical steel retort about 18 in. 
diam and 26 in. high, carbonizes enough coal (180 
lb) to allow evaluation of the coke by standard 
methods of the American Society for Testing Mate- 
rials. The BM-AGA carbonization procedure and 
methods of testing the gas, liquid, and solid products 
have been described.* 

Expanding characteristics of the coals were deter- 
mined in the sole-heated expansion oven,’ wherein 
the coal charge, heated from the bottom only, is 
carbonized under a constant applied force and the 
linear expansion or contraction is measured. Al- 
though results in this oven have never been quanti- 
tatively correlated with the expansion behavior of 
coals in conventional slot ovens, they are useful in 
assessing expansion behavior. 

In this report discussion will be confined to re- 
sults obtained from these pilot-scale units, although 
the following data are available for most coals: 
proximate and ultimate analyses, free swelling in- 
dex, agglutinating value, and plasticity. 

Sources of Coals Tested: In selection of coals for 
coke manufacture, economic considerations are as 
important as quality, and each coke plant balances 
these two factors to meet requirements of the most 
satisfactory coke at lowest price. Although these 


Table |. Stratigraphic Listing of Pittsburgh and West Virginia Coals 


High Volatile Medium or Lew Volatile 


Pittsburgh 
Upper Freeport (Thick Freeport) 
Lower Freeport 
Lower Kittanning (No. 5 block) 
Winifrede (Dorothy) 
Chilton 
Cedar Grove (Thacker) 
Beckley 


Alma 

Campbells Creek (No. 2 gas) Fire Creek 

Eagle Pocahontas No. 6 

Sewell Pocahontas No. 4 
Pocahontas No. 3 


Bakerstown 

Upper Freeport 

Lower Freeport 

Upper Kittanning 

Lower Kittanning (No. 5 block) 


economic factors may in some instances outbalance 
small differences in coke quality, they are usually 
specific to each coke plant and cannot be given in 
any general statement. Recognizing that coal and 
plant operating costs are beyond the scope of the 
survey, the USBM evaluates the coking quality of 
various coals without regard to their competitive 
economic status. 

For the purpose of this article, coals of interest to 
the Pittsburgh district are arbitrarily defined as 
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Table Il. Ranges in Analyses, Coke Strength Indexes, = Expansion of 97 Pennsylvania-West Virginia Coals from 
1 


eds 


Matter- 
Free Fixed 


Carbon, Pet Ash, Pet 


Lower Freeport 
Lower Kittanning 
Winifrede 
Chilton 

Cedar Grovet 
Alma 


COND 
SSSSSSsSsssss 


Averages 


(Medium and Low 


Bakerstown 
Upper Freeport 
Lower Freeport 
Upper Kittanning 
Lower Kittanning 


obo 


Pocahontas No. 6 
Pocahontas No. 4 
Pocahontas No. 3 


sak 
SSSSSSsssss 


Analysis of Coals* 
Sulfur, Pet 


< 
SSSSsssssss Elsssssssssss 


Coke Indexes** 
Shatter 


1*@-In. 


g 
© 


SSssss Ss SF 


BESESESREERS 
SSESESESSSSSS 


Sue 


SSSSSSESEES 
+ 


SSSSsssssss 
SSSSSSSSSSE 


* As carbonized basis. 
** Cokes tested by A.S.T.M. methods. 


+ Expansion measured in sole-heated test oven; results calculated to a bulk density of 55 lb per cu ft with 1 pct moisture. 


t Upper, Middle, and Lower Cedar Grove beds. 
§ Acceptable high volatile Pittsburgh district coals. 


those from Pennsylvania and West Virginia. Of the 
numerous coal beds in these two states, 18 of the 
more important beds have been selected for dis- 
cussion. These beds, listed stratigraphically in Table 
I, are grouped in two general classifications. It is 
recognized that such a broad classification is not 
unique and that some overlapping in properties must 
exist. The Upper and Lower Freeport, Lower Kit- 
tanning, and Sewell beds are included in both lists 
because each has important reserves under each 
classification. 

Coking and Expanding Properties: Table II sum- 
marizes ranges in the coking and expanding prop- 
erties of the more important beds of the Pittsburgh 
district. Because all tests were made under similar 
conditions, these carbonization data afford a con- 
venient method of ranking the general coking prop- 
erties of one coal bed relative to another. However, 
since there is a marked difference in scale between 
the BM-AGA unit and industrial ovens, and as quan- 
titative correlations between these units are un- 
available, it is difficult to set arbitrary limits within 
which coals will be suitable for industrial use. As 
it appeared impossible to obtain quantitative cor- 
relation between pilot-scale and full-scale oven tests 
over the wide range in coke properties obtained in 
this survey, it was desirable to establish reference 
values at which laboratory and industrial results 
could be compared. To furnish these values, 20 
high-volatile A coals from all parts of the Appala- 
chian region known to have been coked commercially 
were tested in the BM-AGA apparatus under the 
same conditions prevailing in the survey test. Table 
II presents ranges in test results for the 11 Pennsyl- 
vania and West Virginia coals included in this group. 

It will be noted that coking properties of the 58 
high volatile A coals tested in this investigation 
differed widely. Although low minimum coke- 
strength indexes were obtained for those beds repre- 
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sented in part by samples containing less than 60 
pet dry fixed carbon free of mineral matter, the more 
typical coals from all beds yielded coke of similar 
physical properties when compared at the same fixed 
carbon content. 

Most Pittsburgh district high volatile coals yield 
cokes with strength indexes within the ranges shown 
for acceptable metallurgical coals of similar rank. 
Some of the coals rank lower than any of the 11 ac- 
ceptable coals because they contain less than 60.9 
pcet* dry, mineral-matter-free fixed carbon, the mini- 


" * The value 60.9 is not necessarily the lowest limit for all 
volatile coals acceptable for metallurgical use; it represents 
lowest value for acceptable coals tested by the BM-AGA method. 


mum for the acceptable coals, and it is largely these 
lower ranking coals that yield relatively weak cokes. 
With four exceptions, all coals, including those con- 
taining less than 60.9 pct fixed carbon, yielded cokes 
with shatter indexes higher than the minimum (68) 
for acceptable coals. As measured by the 1-in. 
tumbler index, coke stabilities of 14 coals were 
lower than the acceptable minimum (32), but only 
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Fig. 1—Effect of coal rank on coke hardness ('4-in. tumbler 
index) for Pittsburgh district coals. 
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Bed Samples 1-In. %4-In. Expansion? 
Pittsburgh 1 
Upper Freeport 1 
86 to 89 
74 to 81 
74 to 79 
66 to 79 
71 to 81 
60 to 79 
No. 2 Gas 65 to 86 
Eagle 72 to 77 
Sewell 87 to 90 
Ceals) 
88 
89 to 91 
89 to 90 
87 to 91 
87 to 91 
Eagle 82 to 88 
Sewell 79 to 96 
Beckley 82 to 93 . 
Fire Creek 88 to 90 
87 to 91 
75 to 87 
e 81 to 83 
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Fig. 2—Effect of coal rank on coke stability (1-in. tumbler 
index) for Pittsburgh district coals. 


6 of these contained more than 60.9 pct dry, mineral- 
matter-free fixed carbon. As measured by the %4-in. 
tumbler index, the coke hardness of 20 high volatile 
coals was lower than the acceptable minimum (58); 
however, 8 of these contained less than 60.9 pct 
fixed carbon, and 7 other samples contained more 
than 9 pct ash. It is apparent, therefore, that if they 
are not high in ash, Pennsylvania and West Vir- 
ginia high volatile coals containing more than 60.9 
pet fixed carbon on the dry, mineral-matter-free 
basis yield cokes as strong as the average acceptable 
metallurgical coal of similar rank. 

Medium volatile and low volatile coals yield 
stronger cokes than are obtained from high volatile 
A coals, and Table II shows that the ranges in their 
coke strength indexes are smaller. Generally the 
physical properties of coke from single coals of these 
higher ranks are of minor importance because they 
expand too much to carbonize safely in modern com- 
mercial ovens. Hence they are usually carbonized 
as blends with contracting high volatile coals. USBM 
investigations have shown that the blending proper- 
ties of high rank coals are not closely related to 
their individual coke-making properties. 

Relation of Coking Properties to Coal Rank: From 
Table II it is apparent that few data are available 
for most of the coal beds of interest, and even for 
such beds as the Pittsburgh, Freeport, and Kittan- 
ning the samples were obtained from widely sepa- 
rated locations. It is of interest, therefore, to obtain 
an estimate of the usefulness of available data in 
predicting the coking properties of coals from areas 
where actual tests have not been made. Although 
correlations between carbonizing properties and lab- 
oratory-scale analyses have been proposed,** the 
data scatter more than can be accounted for by test 
precision,” ‘ probably because the coking properties 
depend on geologic factors not adequately described 
by chemical analyses and rank. USBM work has 
been directed, therefore, to accumulation of data on 
given beds for which it is reasonable to assume that 
the deposition of material and coalification process 
took place under similar conditions. To date this 
study is incomplete, but some promising results 
have been obtained. As shown in Table II, 20 sam- 
ples of coal from the Freeport beds have been tested, 
10 from the Pittsburgh bed, and 10 from the Lower 
Kittanning (No. 5 block). Data now available for 
each of these beds are plotted in Figs. 1 and 2. 
The Freeport coals cover the fixed carbon range 58.7 
to 78.6; the Kittanning, 58.1 to 79.9 and the Pitts- 
burgh, 53.3 to 63.6. Apparently the relationship of 
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Fig. 3—Effect of blending 20 pct low volatile coal (Poca- 
hontas No. 3 and Beckley) with high volatile coals on coke 
stability (1-in. tumbler index). 


both coke hardness and stability with fixed carbon 
for any one series of data is good, and the lines 
shown afford a reasonable basis for predicting these 
indexes. Furthermore, the Kittanning coals ap- 
parently give slightly weaker cokes than those from 
the Freeport beds when they are compared at the 
same fixed carbon content. The average ash con- 
tent of these Kittanning and Freeport coals (8.5 and 
8.1 pet respectively) are too similar to account for 
the observed differences in coke strength. Although 
the reasons for these differences are not clear they 
probably arise from variations in molecular struc- 
ture caused either by dissimilar species from which 
the coal substance was formed or by varying chem- 
ical action occurring during coalification. Fig. 1 
shows that for both the Freeport and Kittanning 
coals the coke hardness is virtually independent of 
fixed carbon content in the 60 to 80 pct range. The 
relative constancy of the hardness index (60 to 65) 
that has been noted for the vast majority of coals 
from the Appalachian field indicates that for such 
coals the %-in. tumbler index is not a sensitive 
measure of the change in coal rank. It is evident 
that the stability index is more dependent on proxi- 
mate analysis than is coke hardness. Coke stability 
is quite dependent on fixed carbon in the range of 
60 to 74 pet, becoming less dependent as the rank is 
increased. Both curves show a plateau effect at the 
higher ranks, which is in accord with most coal 
properties. 

Figs. 1 and 2 may be used to estimate the coking 
quality of Freeport and Kittanning seam coals 
within the range of scatter represented. For about 
90 pct of the coals tested, coke hardness can be 
estimated within +10 pct of the true value and coke 
stability within +15 pct. Although it would be de- 
sirable to reduce these ranges, it should be noted 
that most engineering approximations have about 
the same margin of error. 

The other beds of the Pittsburgh district have not 
been included in Figs. 1 and 2 because the number 
of coal samples from each were too limited to es- 
tablish definite trends. For example, only three 
samples from the Chilton bed have been tested to 
date, and these gave %4-in. tumbler indexes of 59, 
60, and 66, at fixed carbon contents of 63.0, 62.6, and 
62.1 pct, respectively. The high value of coke hard- 
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Fig. 4—Effect of blending 20 pct low volatile (Pocahontas 
No. 3 and Beckley) with high volatile coals on ccke hardness 
(%-in. tumbler index). 


ness was obtained from tests made in the early 
1930’s on coal from Logan County, W. Va., whereas 
the other two values were obtained in recent years 
on samples from Wyoming County, W. Va. At pre- 
sent it is difficult to determine whether these varia- 
tions are caused by changes in procedure or by basic 
differences in coking properties of the coals. As 
more data are obtained by beds over a relatively 
wide range in coal rank, these differences should be 
more clearly explained. 

Meanwhile an approximation for coals whose cok- 
ing properties are unknown may be obtained by 
extending through the available data curves with 
the same general shape as those shown in Figs. 1 
and 2. 

Effect of Blending on Coke Properties: In selection 
of coals for metallurgical use, as much attention is 
given to their blending properties as to their in- 
dividual carbonizing behavior. Figs. 3 and 4 show 
the effect of blending various high volatile Pitts- 
burgh district coals with both low volatile Poca- 
hontas No. 3 and low volatile Beckley coals. The dry, 
mineral-matter-free fixed carbon content of the 
Pocahontas No. 3 coal ranged from 81.7 to 82.6 pct; 
that in the Beckley coal was 81.3 pct. The high 
volatile coals containing 59.9 to 67.7 pct dry, min- 
eral-matter-free fixed carbon content include sam- 
ples from all beds listed in Table I except Chilton, 
and although these figures were prepared for addi- 
tions of 20 pct low volatile coal, similar relations 
hold for 30 pet or more. In addition to the range 
covered, a few data were available at fixed carbon 
contents below 57 pct, but they were not included 
for the following reasons: 1) it is doubtful that 
coals of this low fixed-carbon content would be used 
in binary blends with such low addition of low 
volatile coal; 2) the cokes yielded by these 100 pct 
high volatile coals were generally so weak that pre- 
cision of the coke tests was pocr; and 3) owing in 
part to lack of reliable indexes for the high volatile 
coals, the improvement in coke quality on addition 
of 20 pct low volatile coals was erratic. 

Figs. 3 and 4 show that a reasonably close corre- 
lation exists between the coke tumbler indexes for 
the individual high volatile coals and their binary 
blends with both Pocahontas and Beckley low vola- 
tile coals. These data indicate 1) that coke stability 
is more affected by blending than coke hardness* 


* A similar observation is noted in the discussion of Figs. 1 and 2. 


and 2) that both factors are improved more for the 
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Fig. 5—Effect of blending 20 pct low volatile Pocahontas No. 
3 coal with various high volatile coals on coal expansion. 


cokes from weakly coking coals than for those from 
the strongly coking coals. For example, the addition 
of 20 pct low volatile coal to a high volatile coal 
yielding coke with a 1-in. tumbler index of 25 in- 
creases the stability index by 40 pct; when the 1-in. 
tumbler index is 50, improvement is less than 10 pct. 
Similarly with the %-in. tumbler index, the poorer 
coking coals are benefited most. For example, a 
%-in. tumbler index of 50 is increased 10 pct by 
blending the high volatile coal with 20 pct of either 
low volatile Pocahontas No. 3 or Beckley; a %-in. 
tumbler index of 65 is increased about 3 pct by such 
blending. Furthermore, for cokes with tumbler in- 
dexes approaching those for low volatile coals the 
slope of the curves approaches unity, so that the 
coke-strength indexes are not improved by addition 
of low volatile coal. 


Although the discussion thus far has been confined 
to blends of high and low volatile coals, additional 
tests have shown that coals high in the medium 
volatile rank impart coking strength to blends fully 
as well as low volatile coals. In blending medium 
volatile coals low in that classification, larger pro- 
portions normally are required to obtain coking 
properties comparable to those of low volatile 
blends. As the proportions of medium and low 
volatile coals used in blending are limited by their 
expanding properties, the expansion of these coals 
is an important factor in their carbonization. 

Expanding Properties: As anticipated for a region 
in which the coals rank as high, medium, and low 
volatile bituminous, Pittsburgh district coals, both 
individually and collectively, vary greatly in ex- 
panding properties. For example, the Upper and 
Lower Freeport, Upper and Lower Kittanning, and 
Sewell beds, which extend over large areas and 
range widely in fixed carbon content, yield both 
contracting and expanding coals. Table II shows 
ranges in percent expansion as follows: Upper Free- 
port, —21.4 to 18.6; Lower Kittanning, —31.6 to 13.7; 
Lower Freeport, —19.3 to 21.8; and Sewell, —11.3 to 
26.1. These ranges* should be considered as typical 


* Apply to those samples tested in both the BM-AGA unit and 
the sole-heated expansion oven. 


and not as representative of maximum values ob- 
tained in USBM tests for these beds. Although the 
range in expansion for the Pittsburgh bed is narrow 
for a bed so extensive, the values would undoubtedly 
spread much more if the samples included some 
from Maryland, where the bed contains high-rank- 
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ing coals, and western Washington County, Pa., or 
eastern Ohio, where it ranks lower. 

Expansion properties of coals in a single bed are 
not so well correlated with rank as are the coke- 
making properties of the coals, and the expansion 
data appear to be influenced by coal properties that 
are relatively unimportant in determining coke 
quality. Although previous work* has shown that 
coal expansion is related to the dry, mineral-matter- 
free fixed carbon content, with a correlation coeffi- 
cient of 0.83 the relation is not sufficiently quanti- 
tative to permit accurate estimation of the expand- 
ing properties of coals from this simple relation. At 
present, if accurate expanding properties of coals 
are desired, it is necessary to make expansion tests. 
The data of Table II should be useful in giving the 
expansion range expected for coals from the beds 
listed. In general coals containing less than 68 pct 
mineral-matter-free fixed carbon contract, and their 
expansion increases with increased rank. However, 
such generalizations are not quantitative, and ex- 
ceptions are notable. 

Although the expansion properties of coals are 
not as yet quantitatively predictable from their rank 
and chemical analysis, expansion properties of 
blends of certain high and low volatile coals can be 
estimated closely from the known expansion of the 
high volatile coals. This is shown in Fig. 5, in 
which all the high volatile coals are Appalachian 
coals containing 56.7 to 68.4 pct dry, mineral- 
matter-free fixed carbon. The solid points represent 
beds outside the Pittsburgh district; the open circles 
represent Alma, Pittsburgh, Lower Freeport, Cedar 
Grove, Winifrede, and Campbell’s Creek coals rang- 
ing from 60.5 to 67.7 pet fixed carbon content. Coals 
from areas outside the Pittsburgh district were in- 
cluded to establish the shape of the curve more ac- 
curately than would otherwise be possible. It is 
evident that if the expansion properties of the high 
volatile coals are known the expansion of their 
blends with 20 pct low volatile Pocahontas No. 3 
coal can be predicted with reasonable accuracy. The 
Pocahontas No. 3 coals ranged from 81.7 to 82.6 pct 
in dry, mineral-matter-free fixed carbon. Fig. 5 
shows that, in general, blends containing 20 pct 
Pocahontas No. 3 are either neutral or contracting 
if the high volatile component contracts more than 
9 pet, and under most conditions such blends could 
be carbonized safely in commercial ovens. Similarly, 
high volatile coals that contract less than 9 pct are 
liable to expand dangerously when so blended. It 
should not be inferred that delineation between safe 
and dangerous coals is sharp, because overlapping 
does occur, owing in part to the different operating 
conditions on the plant scale. Expansion data in this 
report are referred to a common dry-coal bulk den- 


sity of 54.5 lb per cu ft, which is higher than normal 
in commercial practice, and since the expansion in 
the sole-heated oven varies linearly with bulk 
density* and is an e function of bulk density in slot- 
type ovens,"” lower bulk density is conducive to 
greater safety in operations. The data of Fig. 5 
should be used as a guide to anticipated expansion 
problems when coal blends are changed rather than 
as a quantitaitve measure of the safety with which 
such blends can be used. Plots of this type will prob- 
ably find their chief application in comparisons of 
the expansion characteristics of new coals with 
those whose expansion is known. These plots may be 
used as first approximations regarding the substitu- 
tion of an untried coal for one that has been used 
successfully in commercial plants. 


Conclusions 


1) High volatile coals from the Pittsburgh, Up- 
per and Lower Freeport, Upper and Lower Kittan- 
ning, Winifrede, Chilton, Cedar Grove, Alma, No. 2 
Gas, Eagle, and Sewell beds are suitable metallur- 
gical coals if they contain more than 60 pct dry, 
mineral-matter-free fixed carbon and are not high 
in ash and sulfur. 

2) Medium and low volatile coals from the Up- 
per and Lower Freeport, Upper and Lower Kittan- 
ning, Bakerstown, Eagle, Sewell, Beckley, Fire 
Creek, and Pocahontas Nos. 3, 4, and 6 are good 
blending coals even though they vary greatly in 
expanding properties. 

3) Coke tumbler stability and hardness are re- 
lated to the proximate analysis of the coal and form 
a reasonable basis for predicting the strength of 
cokes from Pittsburgh, Upper and Lower Freeport, 
and Upper and Lower Kittanning coals. Coke hard- 
ness is virtually independent of fixed carbon content 
in the range of 60 to 80 pct, whereas coke stability 
is more closely related. In general, Kittanning coals 
yield slightly weaker cokes than Freeport coals when 
compared at the same fixed carbon content. 

4) The tumbler indexes of cokes made from 
single high volatile coals correlate well with those 
of cokes from their binary blends containing 20 pct 
Pocahontas or Beckley low volatile coals. 

5) Although the expanding property of high 
volatile coals is not closely correlated with rank, the 
expansion of their blends with Pocahontas No. 3 
low volatile coal can be closely estimated from the 
expansion of high volatile components. 

6) In general, blends containing 20 pct Pocahon- 
tas No. 3 coal contract or are neutral if the high 
volatile component contracts more than 9 pct; they 
expand if the high volatile component contracts less 
than 9 pct. 
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Reno to be Site of Mineral Conference in May 


Conference general chairman is Dean 
Vernon Scheid, University of Nevada. 


The first Pacific Southwest Mineral 
Industry Conference, sponsored by 
the AIME Nevada Section, and co- 
sponsored by the Southern California 
and San Francisco Sections, will be 
held in Reno, Nev., April 5-6, 1957. 

Four technical sessions are sched- 
uled for the first day at which time 
papers on geology, mining, metal- 
lurgy and industrial minerals will 
be presented, five or more papers at 
each session. Included are papers on 
Mineral Belts in Nevada, by R. 
Roberts, USGS; Phosphate Sands in 
the Economy of the Pacific Rim, by 
W. Smiley; Raw Materials in the 
West; and Hole Methods of Mining 
and Development. 

Two field trips are planned for 
April 6. A visit to the diatomite mine 
and mill of the Eagle-Picher Co. at 
Clark Station, Nev., and the open pit 
gypsum mine and board plant of the 
U. S. Gypsum Co. at Empire, Ne- 
vada, will be made through the 
Truckee River Canyon and Pyramid 
Lake, a remnant of prehistoric Lake 
Lahontan. Stops will be made at 
points of interest along the way. The 
second trip will be to Anaconda 
Co.’s open pit copper mine and plant 
at Weed Heights, Nev. Anaconda 
produces its own sulfuric acid from 
sulfur ore mined at the Leviathan 
mine in Alpine County, Calif. The 
return trip will be made via Virginia 
City and the Comstock Lode. Tours 
are also planned to the Mackay 
School of Mines at the University of 
Nevada in Reno. 


Social events will include a lunch- 
eon, April 5, in the Fable Room, 
Mapes Hotel, and a cocktail party 
and dinner April 5, in the Redwood 
Room, Riverside Hotel. George A. 
Kiersch, geologist for the Southern 
Pacific Railroad and former director 
of the Mineral Resources Survey, 
Navajo-Hopi Indian Reservation, will 
address the luncheon on the subject 
of Geological Investigations-Applica- 
tions in Developing the Mineral Re- 
sources of a Region. 

Although the ladies are invited to 
participate in all events, a special 
smorgasbord luncheon will be held 
for them on April 5, at the Mapes 
Hotel. They will also visit Virginia 
City and Carson City on April 6. 

Those attending will be left on 
their own, the night of April 6, and 
are certain to find Reno well- 
equipped with amusement places. 

Advance registration material, res- 
ervations and programs may be ob- 
tained by writing to: William P. 
Johnston, Registration Chairman, 
3200 West Plumb Lane, Reno, Nev. 


Regional Meeting Set 
For October in Florida 


The Florida Section is busy plan- 
ning for the forthcoming Southeast- 
ern Mining Branch Regional Confer- 
ence to be held in Tampa, Fla. on 
Oct. 15-18, 1957. 

This will be a four-day meeting, 
starting with two days of technical 
sessions, followed by two days of 
field trips. An interesting program 
is being developed by J. L. Weaver 
of the American Cyanamid Co. at 
Brewster, Fla. Co-chairmen are H. E. 
Uhland and Harry M. Feigin. 

Among the field trips already list- 
ed are the following: Field trip to 
the Jacksonville area to study the 
heavy mineral deposits (exploration, 
mining and beneficiation) ; Field trip 
through the phosphate fields of the 
Bartow-Brewster area, including 
visits to the mines, a flotation plant, 
a triple super phosphate plant, and 
an electric furnace operation. To 
date, the total value of phosphate 
produced from this field amounts to 
$1.4 billion. 

Interesting events planned for the 
ladies include a beach party and a 
trip to Cypress Gardens. 

The Hillsboro Hotel in Tampa will 
be registration and session head- 


Pacific Northwest 


Meeting in Portland 


Plans for the AIME 1957 Pacific 
Northwest Regional Conference are 
nearing completion, according to 
Don W. Johnson, general chairman. 
Scheduled for April 11-13, at the 
Multnomah Hotel, Portland, Ore., 
the meeting will feature an imposing 
roster of speakers including Dr. A. B. 
Kinzel, president, Union Carbide & 
Carbon Research Laboratories Inc. 
Dr. Kinzel will address the Friday 
night banquet on the subject of 
Research in the New Metallurgy. 

Also slated to speak are: General 
Leslie B. Simon, vice president, Car- 
borundum Co.; R. R. McNaughton, 
Consolidated Mining & Smelting Co., 
Trail, B. C.; Elmer C. Tveter, Dow 
Chemical Co.; D. W. McGlasham, 
Montana School of Mines; Ben H. 
McLeod, Dorr-Oliver Co.; George 
Beard, Pacific Power & Light Co.; 
H. F. Yancey, USBM; and L. R. 
Ramp, Oregon State Department of 
Geology. 

Field Trips 


A field trip is planned to nearby 
Albany, Ore., to visit the Oregon 
Metallurgical Corp., the Wah Chang 
Corp., and the Bureau of Mines. On 
Thursday afternoon members will 
have an opportunity to visit the 
Portland Owens-Illinois Glass plant, 
a multi-million dollar project, re- 
cently completed. 


For the Ladies 


Special events have been arranged 
to keep the distaff busy and happy. 
On Thursday they will make a 
scenic tour of the Portland area. 
Also planned is a get-acquainted 
coffee hour, followed by a luncheon 
and fashion show. 

The grand finale on Friday eve- 
ning will include cocktails, a ban- 
quet and a dancing party in the 
Grand Ballroom of the Multnomah 
Hotel. 

Registration for the meeting be- 
gins at noon on Wed., April 10, and 
will cost $4.00 for members, $6.00 
for nonmembers, and $1.00 for the 
ladies. 

Inquiries and mail registration 
should be directed to: Edward A. 
Vistica, 304 Public Service Building, 
Portland, Ore. 


quarters. Charles H. Greene, Davi- 
son Chemical Corp., Bartow, Fla., is 
chairman of arrangements and res- 
ervations. 
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A partial view is shown of the head table at the Unity Dinner, on Jan. 17, during the Engi- 
neers Joint Council annual meeting in the Statler Hotel. Left to right, J. W. Barker, EJC 
President; T. B. Counselman, AIME Vice President; Paul Weir, President, American Water 
Works Assn.; and W. L. Everitt, President, American Society for Engineering Education. 


EJC Report on Income 


The Engineers Joint Council re- 
port of Professional Income of Engi- 
neers—1956, is now available. It is 
based on figures compiled on about 
110,000 engineering graduates em- 
ployed in industry, government, and 
education. The data is presented in 
various graphic and tabular forms, 
similar to the 1953 report, to facili- 
tate analysis, statistical comparison, 
and the development of trends. EJC 
will accept orders for the report, at 
$1.50 per copy. 


Upper Peninsula Section 
Co-sponsors Geology Meet 


The Exploration Subsection of 
AIME Upper Peninsula Section, in 
cooperation with the Institute on 
Lake Superior Geology will hold 
their annual meeting May 6-8, 1957. 
Michigan State University is host, 
and the Kellogg Center on campus 
will be the site of the meetings. 
Other sponsors are the Michigan 
Geological Survey and the Michigan 
Geological Society. Theme for this 
conference is: Modern Research 
Techniques and Stratigraphic Con- 
cepts Applicable to Pre-Cambrian 
Geology. 

Competent authorities in the fields 
of sedimentation, stratigraphy and 
metamorphism will present their 
viewpoints with the hope that some 
of the knowledge can be applied to 
pre-Cambrian geology. Sufficient 
time will be available for the presen- 
tation of papers and discussions. 

Much of the overall planning has 
been compieted and the various 
committees are now working on 
final details. Field trips are being 
planned to a Detroit steel mill and 
to Abrams Aerial Survey. The social 
committee is making suitable ar- 
rangements for evening entertain- 
ment and a banquet, and there will 
also be a varied program for the 
wives attending. 

Within a short time more specific 
details of the meeting will be sent 
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out, and the blanks for submitting 
titles, abstracts and for early regis- 
tration will be included. Those wish- 
ing to present papers are urged to 
prepare the titles and abstracts now, 
so that these can be submitted 
promptly. 

Suggestions concerning this meet- 
ing will be gladly accepted. Write 
to Justin Zinn, secretary, Dept. of 
Geology, Michigan State University, 
E. Lansing, Mich. 


Thiessen Medal Award 


The late Dr. Reinhardt Thiessen, 
AIME member, who was associated 
with the USBM in Pittsburgh until 
his death in 1938, has been honored 
by the International Commission on 
Coal Petrology. The Commission has 
established an award, the Thiessen 
Medal, for outstanding contributions 
to the field of coal petrology. The 
first presentation was made on Dec. 
11, 1956, to C. A. Seyler, on the occa- 
sion of his 90th birthday. 

Working in the same field as his 
illustrious father, Gilbert Thiessen 
is currently assistant manager, re- 
search department, Koppers Co. Inc., 
Verona, Pa. 


Ceramic Engineering 
Scholarship Increased 


The first scholarship-loan fund for 
students of ceramic engineering, es- 
tablished 1955 at the Missouri School 
of Mines & Metallurgy, Rolla, Mo., 
has received an additional gift from 
donors, J. B. Arthur and family. The 
fund, named in their honor, is in the 
form of stock in Mexico Refractories 
Co., of which Mr. Arthur is presi- 
dent. His recent contribution of 400 
shares of stock brings the total to 
820. The stock is valued currently 
at $35 a share. Recipients of the 
Arthur Scholarship, who must be in 
their junior or senior year, receive 
a $500 grant and a $200 loan for 
a year. 


Do Oldsters Want Jobs 


Are there many or few retired 
engineers, or others past fifty, able 
and willing to take temporary jobs 
in engineering? Engineering Socie- 
ties Personnel Service (ESPS), the 
employment agency for the engi- 
neering societies, wants to know. 

The current shortage of engineers 
and scientists is a well known fact. 
Continuous advertising in the news- 
papers of metropolitan areas and the 
quarterly combing of our campuses 
emphasize the need for young engi- 
neers and scientists. The supply does 
not begin to meet the demand for 
young men in these fields. Is the 
shortage confined to the young men, 
or does it include men in the older 
brackets in industry and govern- 
ment? Is it possible to partially meet 
today’s need for engineers and sci- 
entists by temporary employment of 
men no longer young but willing 
and able to perform the required 
task? If such men are available and 
employers want them as temporary 
help, the task of trying to get em- 
ployers and prospective employees 
together will be undertaken by 
ESPS. 

There are deterrents and compli- 
cations in any attempt to employ 
older or retired engineers even tem- 
porarily on routine work. Some of 
the largest companies, whose engi- 
neer recruitment efforts are the most 
impressive, will not hire engineers 
or scientists over 35. Their reasons 
are sound where permanency in an 
organization is envisaged. But tem- 
porary, day by day, or week by 
week, employment of men to help 
level off peak loads need not affect 
the retirement system of a company 
nor interfere with lines of promo- 
tion, apprenticeship jobs and other 
factors vital to employment planned 
on a permanent basis. 

From the viewpoint of the older 
prospective employee, the 50-plus 
man or the Social Security benefic- 
iary over 65, there are deterrents 
too. These would tend to dampen 
the desire to take a position by the 
day or week as a temporary helper, 
without becoming an integral part 
of an organization. Granting the 
handicaps which exist from the 
viewpoint of both employer and 
prospective older employees, it still 
seems reasonable that some of the 
shortage of engineers could be met 
by greater use of the older members 
of our profession who are now un- 
employed or retired. 

ESPS does not now know how 
many of such potential employees 
are available. If you are an engineer 
or scientist over 50, unemployed or 
retired, and if you are willing and 
able to take a temporary job, please 
tell ESPS. Send a brief letter to En- 
gineering Societies Personnel Serv- 
ice, 8 W. 40th St., New York 18, 
N. Y., including your professional 
branch, specialty, age, and refer to 
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this article. If the response is ade- 
quate, the ESPS Board will attempt 
to work out a plan to bring older 
engineers and scientists together 
with the industries that need them. 

ESPS, with offices in New York, 
Chicago, Detroit and San Francisco, 
continues ready to help any engineer 
or scientist of any age better his 
position or obtain one. ESPS also 
tries to locate the particular engi- 
neer or scientist any specific em- 
ployer may want. These have been 
the routine tasks of ESPS for more 
than 25 years. The proposal dis- 
cussed here contemplates a special 
kind of placement from a yet un- 
known number of prospects, 50-plus 
in years, who still desire to help 
themselves and their profession in 
the work of the nation—Wm. N. 
Carey, Secretary Emeritus, ASCE. 


Los Angeles to Be Host 


To Regional Conference 
Scheduled for May 1957 


Metals for Today and Tomorrow is 
the theme of the Second Regional 
Reactive Metals Conference to be 
held May 28-29, 1957 at the Ambassa- 
dor Hotel in Los Angeles, sponsored 
by the AIME Southern California 
Section. 


Topics to be Covered 

The conference will be concerned 
with the resources, production, fab- 
rication, properties and use of such 
metals as: beryllium, boron, cerium, 
columbium, gladolinium, hafnium 
lanthanum, molybdenum, potassium, 
rhenium, solium, tantalum, titanium, 
thorium, tungsten, uranium, vanadi- 
um and zirconium. 


Equipment Exhibits 
Exhibits have been prepared by 
prominent companies to show equip- 
ment important in the mining and 
processing of reactive metals as well 
as examples of fabrication tech- 
niques. 


Technical Sessions 


The Metals and Mining Branches 
will hold concurrent meetings on the 
first day, and joint meetings on the 
second. Tentative program arrange- 
ments are as follows: On Tuesday 
morning, May 28, there will be a 
mining session on raw materials re- 
sources and exploration, with papers 
on world potash resources, borate, 
and uranium exploration. The con- 
current metals session will center on 
the metallurgy of titanium, zirconi- 
um, and hafnium, and will include a 
paper on the casting of titanium. 

The Mining Branch Luncheon at 
noon on Tuesday will feature a talk 


Pacific So 


uthwest Conference Plant Tour 


One of the tours planned in connection with the Pacific Southwest Mineral Conference 


in Reno next month, is a visit to Anaconda Co.'s open pit copper mine and plant, 
pictured above, located in Weed Heights, Nev. 


of special interest. In the afternoon 
the mining session will cover mining 
operations for tungsten, molybde- 
num, potash, and rare earths. The 
Metals session that afternoon has 
scheduled papers on fabrication tech- 
niques for reactive metals, including 
vacuum melting, extrusion, and 
forging, welding and powder metal- 
lurgy. 
Dinner Speaker 

The dinner on the evening of May 
28, will feature James Boyd, former 
USBM director, who is now vice 
president of Kennecott Copper Corp. 
Mr. Boyd will speak on The Effect of 
the Location of Reactive Metal Re- 
sources on the Industrial Develop- 
ment of the U. S. 


Joint Sessions 

On the morning of May 29, the 
Joint Mining and Metals Session will 
include papers on beneficiation, re- 
fining, and future trends in thorium, 
alkaline metals, and titanium elec- 
trometallurgy. Bruce S. Old, presi- 
dent of Nuclear Metals, is slated to 
discuss Current Interests in Reactive 
Metals, at the Wednesday luncheon. 
The joint session that afternoon will 
include talks on the metallurgy of 
vanadium, the mechanical working 
of arc-cast molybdenum alloys, on 
beryllium, niobium, and tantalum. 


Registration and Information 

Registration fee for AIME mem- 
bers is $3.00, and $5.00 for non- 
members; students will be admitted 
free. Further information about the 
conference can be obtained from 
Benjamin S. Mesick, 727 W. 7th St., 
Los Angeles 17, Calif. 


Minerals Meeting Set 


For October in Denver 


The Fourth Annual Rocky Moun- 
tain Minerals Conference, scheduled 
for Oct. 30, 31 and Nov. 1, 1957, in 
Denver, has announced the General 
Committee Chairmen. E. H. Crab- 
tree, general chairman will be as- 
sisted by R. L. Scott; L. J. Parkinson 
is program chairman; C. L. Barker, 
arrangements; G. M. Wilfley, enter- 
tainment; A. L. Hill, budget; Mrs. 
P. P. Harrison, Women’s Auxiliary; 
and F. L. Smith, secretary. 

The tentative program includes 
five technical sessions. Division 
luncheons and a suppliers’ cocktail 
party will be held on Oct. 30, while 
the formal luncheon with AIME 
President is scheduled for Oct. 31. 
On Nov. 1, a dinner-dance is on the 
agenda, and a field trip is planned 
for Saturday, Nov. 2, to wind up the 
meeting. 


NOTE 


A limited number of copies 
of Mining Branch Abstracts, 
prepared for the AIME Annual 
Meeting in New Orleans, Feb. 
24-28, 1957, are still available. 
Copies can be obtained by 
writing to Arnold Buzzalini, 
Society of Mining Engineers of 
AIME, 29 W. 39th St.. New 
York 18, N. Y., and enclosing 
50¢. Please indicate your Di- 
visional interest at the time 
you order. 
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the Sections 


@ When the Washington, D. C. Sec- 
tion met on Jan. 8, at the Cosmos 
Club, Elmer Pehrson, chief, Div. of 
Foreign Activities, Bureau of Mines, 
was the featured lecturer. Mr. Pehr- 
son, who recently returned from a 
four-month tour of Asia and Europe 
where he inspected Bureau of Mines 
technical assistance projects, spoke 
on Oil, Suckers, Jews, and Arabs. He 
illustrated his talk with kodachrome 
slides. 

The following officers were elected 
to serve in 1957: Rafford L. Faulk- 
ner, chairman; Charles W. Merrill, 
Bruce C. Netschert and Clifford J. 
Williamson, vice chairmen; and Jesse 
A. Miller, secretary-treasurer. 


e The MBD Subsection of the Min- 
nesota Section met at Chisholm, 
Minn., on Nov. 14, at which time 
they heard R. J. Priestley, Dorr- 
Oliver Inc., discuss FluoSolids roast- 
ing, with particular emphasis on the 
conversion of hematite to magnetite. 
A large turnout attested to the suc- 
cess of the meeting. 


e The Black Hills Section met 6:30 
pm, Jan. 10, at the Rod & Gun Club 
Bldg., Lead, S. D. After the regular 
business meeting which included 
discussion of the Annual Meeting 
and instructions to the Section dele- 
gate, a film, Portrait of the Earth, 
was shown. Members then gathered 
for a Dutch Lunch. 


® When the Oregon Section met in 
Portland on Jan. 18, at the Buons 
Restaurant, W. Funke, manager, 
Owens-Illinois Portland plant, ad- 
dressed the group. He gave a brief 
description of the plant operations, 
after which the members adjourned 
for a tour of the plant. 


e The Florida Section offered its 
members an educational program on 
Nov. 5 at the University of Florida 
in Gainesville. Guest lecturer Dean 
J. Weil, College of Engineering, 
spoke on Nuclear Energy and 
Florida. The program was arranged 
by E. S. Beebe and G. F. Coope, Jr., 
and included a tour of the Engineer- 
ing and Industries Building. 

Past-President Reistle addressed 
the Section on Jan. 14, on the ro- 
mance of the oil business, in which 
he has been engaged since 1919. The 
new Section officers were then in- 
troduced. They are: Charles Chap- 
man, chairman; C. H. Greene, vice 
chairman; and H. R. Quina, secre- 
tary-treasurer. 

The Section met on Feb. 11 at the 
Glass Diner Restaurant in Lake- 
land, to hear a talk on the manufac- 
ture of sulfuric acid by the contact 
process. A discussion followed, on 
the topic of corrosion problems en- 
countered in the manufacture of 


triple superphosphate. 
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e The Chicago Section featured a 
meeting on the much neglected topic 
of jasper ores, when they convened 
on Jan. 2, at the Chicago Bar Assn. 
Harold E. Rowen, general manager, 
Dwight-Lloyd Div., McDowell Co., 
gave a lecture on Some Develop- 
ments in Pelletizing Jasper Concen- 
trates. The meeting was conducted 
by Technical Chairman Roy P. 
Wheatley. The Section met again on 
Feb. 6, at which time F. M. Rich- 
mond, research head, Universal Cy- 
clops Steel Corp. discussed Proper- 
ties of Vacuum Melted Materials. 


e The Southwestern New Mexico 
Section held a technical session Oct. 
30, in the Bayard Lions Club Build- 
ing. The program consisted of the 
presentation of two papers: Wire 
Line Diamond Drilling at Chino by 
W. W. Baltosser, and Advent of 12- 
inch Drilling at Chino by D. D. Mc- 
Naughton. A question and answer 
period followed. 


e The Connecticut Section met on 
Jan. 22, at the Hammond Metallurgi- 
cal Laboratory, Yale University, 
New Haven. Featured speaker was 
D. K. Crampton, Chase Brass & Cop- 
per Co., Waterbury, Conn., who dis- 
cussed Structural Chemistry and 
Metallurgy of Copper. This meeting 
was also Annual Students’ Night, 
and interested engineering students 
were in attendance. 


e The Colorado River Project was 
the topic chosen by guest speaker 
E. O. Larson when he addressed the 
Utah Section on Jan. 17, at the New- 
house Hotel, Salt Lake City. Mr. 
Larson, who is regional director, 
U. S. Bureau of Reclamation, dis- 
cussed engineering aspects of this 
project. 


@ The dinner-meeting of the Colo- 
rado Section on Jan. 17, at the Uni- 
versity Club in Golden, featured a 
talk by E. J. Eisenach, general su- 
perintendent, Climax Molybdenum 
Co. He spoke on Advanced Manage- 
ment Program of Harvard Business 
School, explaining that this concen- 
trated three-month course is de- 
signed to acquaint administrative 
personnel with the latest techniques 
in management. 


¢ The Montana Section was treated 
to a color feature film, Our Mr. Sun, 
when they met with the Montana 
Society of Engineers and the AIEE 
on Jan. 11, in the Museum Auditori- 
um, Montana School of Mines in 
Butte. Produced by American Tele- 
phone & Telegraph Co., the picture 
presents the technical aspects of the 
focus of our solar system in a man- 
ner easily understood. Stanley M. 
Lane was elected section chairman; 
Edward P. Shea, vice chairman; and 
Clifford J. Hicks, secretary-treasurer. 


e Conrad Martin, geologist, Basic 
Refractories Co., Gabbs, Nev., was 
guest speaker at the Reno Subsection 
meeting on Jan. 11, in the Mapes 
Hotel. He discussed The Occurrence 
and Mining of Magnesite Ores at 
Gabbs, and then showed color slides. 
The following officers were elected 
for 1957: A. L. Engel, chairman; H. P. 
Ehrlinger, III, vice chairman; and 
M. Steinheimer, secretary-treasurer. 


CF&I’s new film Muke Mine Safety 
shows in simple terms the puzzles of 
rock bolt application and manufac- 
ture, and also details some of the 
types available. The bulk of the 
sound-color 16 mm film is devoted to 
showing bolts being installed under- 
ground in various Western mining 
operations. 

Prints are available for use by in- 
terested groups from: T. J. Barbre 
Productions, Film Library, 2130 S. 
Bellaire Street, Denver 2, Colo. 


Three industrial films are now 
available at no cost, from Christen- 
sen Diamond Products Co. Offered 
fer showings at association meetings 
or conventions, these films are all 
16-mm color with sound and aver- 
age 25 min. Any one film or all three, 
may be obtained. 

Film 1 deals with diamond pro- 
duction in South Africa and shows 
how diamonds are recovered from 
the famous Kimberly Mine and from 
alluvial deposits. Of special interest 
to those who have seen or used 
diamond bits in the field, Film 2 
shows how these bits and barrels are 
manufactured. Through the eye of 
the camera, the viewer takes a brief 
tour of the Christensen plant in Salt 
Lake City. 

Film 3 shows the application of dia- 
mond products and their use in the 
petroleum, mining, and construction 
industries. Address requests for 
these films to: Christensen Diamond 
Products Co., P. O. Box 387, Salt 
Lake City 10, Utah. In the event of 
any duplication in requests, the 
parties concerned will be advised 
and arrangements made for re- 


scheduling. 


A 1li-min film recently released 
by Atlas Powder Co. points up 
startling parallels in the hazards of 
dealing with dynamite and damsels. 
Entitled How to Handle Women and 
Explosives, it demonstrates safety 
practice with regard to explosives 
in mining, contracting, and seismic 
exploration and stresses the impor- 
tance of accident prevention. This 
film may be obtained free of charge 
from the Explosives Development 
Section, Atlas Powder Co., Wilming- 
ton 99, Del. Brochures of Do’s and 
Don’ts will be sent in the program 
kit, along with the movie. 


PERSONALS 


Two AIME members, father and son, 


have recently been appointed to new 
positions. Henry B. Parfet is mana- 
ger of Compafiia Minera Choco Pa- 
cifico, Cali, Colombia, while H. B. 
Parfet, Jr. is sales engineer for Elec- 
tro Metallurgical ‘Co. in the com- 
pany’s Chicago office. 


Four Coeur d’Alene district mining 
men have accepted appointment to 
the University of Idaho research ad- 
visory council for the curren‘ bien- 
nium. They are: John D. Bradley, 
president, and Wallace G. Woolf, 
general manager, The Bunker Hill 
Co.; R. D. Leisk, retired vice presi- 
dent of Sunshine Mining Co.; and 
Robert E. Sorenson, vice president, 
Hecla Mining Co. Also on the 40- 


member council is Harry W. Marsh, © 


secretary, the Idaho Mining Assn. 


Earl K. Nixon, consultant geologist | 


and mining engineer of Lawrence, 
Kan., recently returned from Chi- 
huahua, Mexico, where he had been 
doing examination work. 


Carl W. Westphal, founder member 
No. 2 of the Lima, Peru, Local Sec- 
tion founded in 1952, recently re- 
turned to the United States. In rec- 
ognition of his activity, Mr. West- 
phal was presented with a silver 
plate engraved with the AIME em- 
blem. Edgardo Portaro, chairman- 
elect of the Section, made the pre- 
sentation. 


Alvin J. Thuli, Jr., was promoted to 
chief engineer, Utah Copper Div., 
Kennecott Copper Corp. He had 
been assistant chief engineer. Mr. 
Thuli has been appointed general 
chairman of the 1958 Rocky Moun- 
tain Minerals Conference. 


Hal J. Jones is chief engineer, 
Houston Technical Laboratories, 
Houston. He had been senior geo- 
physical engineer for Texas Instru- 
ments Inc. in Dallas. 


W. F. Galloway is now mill superin- 
tendent, MacLeod-Cockshutt Gold 


John Naylor has left Cerro de Pasco 


Mines Ltd., Geraldton, Ont., Canada. | 


Corp. to open his own engineering | 


consulting office in Lima, Peru. 


Henry P. Ehrlinger III, has accepted 
a position with the American Smelt- 
ing & Refining Co., El Paso, Texas. 
Vice chairman and formerly secre- 
tary of the AIME Reno Sub-Section, 
he had been studying for the M.S. 
degree at the Mackay School of 
Mines. His new position is returning 
Mr. Ehrlinger to the Mexican Mining 
Dept., where he worked prior to his 
post-graduate studies. 


Oscar M. Wicken is now assistant 
manager, Bonneville Ltd., Salt Lake 
City. 


Interior of a Hardinge 11'4' x 12’ Rod Mill 
with 85-ton rod load, 1000 horsepower. 


Hordinge 
ROD MILLS 


Sizes range from 2’ to 11'4' shell 
diameter and up to 1000 horse- 


power. 
Types include trunnion overflow 
and peripheral discharge for 
both wet and dry grinding. 


Applications include both open 

and closed circuit arrangements 

for ores, aggregates, concrete 

sand, cokes, and abrasives. 
Complete specifications on re- 
quest. Bulletin 25-C-2. 


Exterior of 11%’ x 12’ Hardinge Rod Mill shown above 


HARDINGE 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA ° 240 Arch St. ° Main Office and Works 
New York + Toronto + Chicago * Hibbing + Houston + Salt Lake City + San Francisco 
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V. D. PERRY 


The Anaconda Co. has announced 
several personnel changes. Vincent 
D. Perry, chief geologist for the 
company, was recently elected a vice 
president. A graduate of the Uni- 
versity of California and Columbia 
University, where he received his 
master’s degree in mining geology, 
Mr. Perry has held geological man- 
agement posts at Anaconda since 
1924. 

In the Reduction Dept., Anaconda, 

Mont., the following promotions 
have been announced: 
W. A. Emanuel has been appointed 
manager, succeeding William E. 
Mitchell, while John Bolles advances 
to concentrator metallurgist. 

Mr. Mitchell, whose retirement 
after 45 years of service took place 
recently, will continue as metallur- 


W. E. MITCHELL 


gical consultant. Mr. Emanuel, a 
graduate of the University of Wis- 
consin, began his career with Ana- 
conda in the chemical and research 
engineering departments and rose to 
become superintendent of the lab- 
oratory sample mill, dust plants and 
the zinc plant. In 1955 he was pro- 
moted to general superintendent of 
the Reduction Dept. Mr. Bolles has 
been serving as assistant superinten- 
dent of concentration. 


Brian P. Canning is assistant metal- 
lurgist, American Smelting & Refin- 
ing Co., Silver Bell, Ariz. 
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Eugene Callaghan, formerly director 
of the New Mexico Bureau of Mines 
and Mineral Resources, has been ap- 
pointed chief geologist in charge of 
exploration for Haile Mines Inc. of 
New York. Field headquarters have 
been established at Salt Lake City. 
Prior to coming to New Mexico in 
1949. Mr. Callaghan was professor of 
economic geology, Indiana Univer- 
sity and economic geologist for the 
Indiana Geological Survey. Follow- 
ing completion of graduate work at 
Columbia University, he was a geol- 
ogist with the USGS for 16 years. 


E. CALLAGHAN 


Elliot J. Brebner became mine en- 
gineer for the St. Joseph Lead Co., 
Flat River, Mo., on completion of his 
military service. 


Max J. Kennard has been named 
chief engineer, Engineering and Con- 
struction Div., Southwestern Engi- 
neering Co., Los Angeles. He had been 
vice president in charge of sales and 
development at Combined Metals 
Reduction Co., Salt Lake City. 


M. J. KENNARD 


Robert L. Squires is field engineer, 
J. F. Pritchard & Co., Peoria, Ill. 


Leonard J. Keller is now quarry en- 


gineer, U. S. Gypsum Co., Sweet- 
water, Texas. 


R. P. KOENIG 


Robert P. Koenig and A. Russell 
Merz have been elected presidents, 
respectively, of Cerro de Pasco Corp. 
—Delaware, and Cerro de Pasco 
Sales Corp., subsidiaries of the N. Y. 
organization, of which they are pres- 
ident and vice president, respectively. 


A. R. MERZ 


Theodore A. Dodge, vice president 
of Hoagland & Dodge Drilling Co., 
Tucson, Ariz., and consulting mining 
geologist, has returned to Tucson af- 
ter four months in Mexico and Spain. 
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T. A. DODGE 


Ralph D. Parker, a vice president of 
The International Nickel Co. of Can- 
ada Ltd., has been elected a director. 
Mr. Parker, who joined the company 
in 1928, is president of the Canadian 
Nickel Co. Ltd., Inco’s exploration 
and prospecting subsidiary. 


R. D. PARKER 


C. A. Romano has transferred from 
Intermountain Chemical Co., Green 
River, Wyo., to the San Jose, Calif., 
offices of Food Machinery & Chemi- 
cal Corp. 


Richard E. Joslin has left the Fair- 
mont Machinery Co. to become prep- 
aration manager, Clinchfield Coal 
Co., St. Paul, Va. 


L. K. Marshall is mine superintend- 
ent, Tambun Mining Co. Ltd., Ipoh, 
Perak, Malaya. 


Hubert L. Barnes is with the Geo- 
physical Laboratory in Washington, 


Howard H. Braden is in the engi- 
neering department of Calera Mining 
Co., Blackbird Div., Cobalt, Idaho. 


V. Cisneros, Jr., has left Minas de 
Iguala, S. A., in Mexico to become 
manager of Cia Minera Huehuete- 
nango, S. A. in Guatemala. 


Charles W. Schlotter is now sales 
engineer, Wm. H. Taylor & Co. Inc., 
Allentown, Pa. 


Lloyd Pollish, formerly assistant re- 
search engineer at The Anaconda 
Co., Butte, Mont., is now associated 
with Andes Copper Mining Co., 
Potrerillos, Chile. 


Evaristo Martinez has changed his 
company affiliation from The Ana- 
conda Co. to Gardner-Denver Co. in 
Quincy, Il. 


Robert T. Sanden is with Electro 
Metallurgical Co. in Niagara Falls, 
N. Y. He had been assistant research 
metallurgist for the Hanna Coal & 
Ore Corp., Hibbing, Minn. 


Wherever processing is involved 
tomorrow’s on, ar for thi 
«CONS 
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J. C. Nixon of The Zinc Corp. Ltd. 
and New Broken Hill Consolidated 
Ltd., Australia, is managing the 
Anzin Development Laboratory, a 
new mineral dressing research unit 
in Avonmouth, England, sponsored 
by the Anglo American Corp. of 
South Africa Ltd. and Consolidated 
Zine Corp. Ltd. 


Robert M. Burdan is in Ciudad Boli- 
var, Venezuela, working as a con- 
sulting geologist for the Orinoco 
Mining Co. 


K. E. Mantell has transferred from 
Northern Rhodesia to the London 
offices of Nchanga Consolidated Cop- 
per Mine Ltd. 


B. A. BRAMSON 


Bernard A. Bramson, until recently 
First Secretary to the U. S. Embassy 
at Lima, Peru, and Minerals Attaché 
for the west coast of South America, 
has been transferred to South Africa. 
With headquarters at the American 
Consulate General in Johannesburg, 
he will cover mineral activities in 
the Union of South Africa, Northern 
and Southern Rhodesia, Southwest 
Africa, Mozambique, and Madagas- 
car. 


W. O. Binder has been appointed 
assistant manager of the product 
and process development depart- 
ment, Electro Metallurgical Co., Ni- 
agara Falls, N. Y. He will be joined 
in that department by E. R. Saund- 
ers, assistant to the manager, who 
will be in charge of the laboratory. 


D. H. Harraway is studying for a 
master’s degree in mineral en- 
gineering while working as assistant 
to S. R. B. Cooke at the University 
of Minnesota, Minneapolis. 


John V. A. Sharp has completed his 
service with the U. S. Marines Corp. 
and is now a geologist with the AEC, 
Grand Junction, Colo. 


Snapped on the scene in Cuba where they 
were working are three AIME members. Left 
to right, Alfred D. Wandke, Roger V. Pierce, 
and Marion Casper. 


At Charco Redondo mine, Santa 
Rita, Cuba, are Alfred D. Wandke, 
Roger V. Pierce and Marion Casper. 
Mr. Wandke is consulting geologist 
in charge of exploration and devel- 
opment work, while Mr. Pierce, who 
is the new vice president of AIME, 
is acting as consultant on manage- 
ment and mine production. Mr. Cas- 
per is underground mine superinten- 
dent for the same operation. 


W. R. McDaniel of Peoria, IIl., is 
now in Ciudad Bolivar, Venezuela, 
with Orinoco Mining Co. 


John L. Boardman has retired as 
chairman of The Anaconda Co.’s 
Bureau of Safety after 40 years of 
safety work. Prior to joining the 
company in 1916, Mr. Boardman had 
worked for the USBM Mine Rescue 
Service. Author of numerous papers 
on accident prevention, he was 
awarded the gold medal and certifi- 
cate of the Joseph A. Holmes Safety 
Assn. in 1917 for rescue of a worker 
at the risk of his own life. 


J. R. BOGERT 


John R. Bogert, formerly mining 
geologist with Cerro de Pasco Corp., 
is now chief geologist for the Na- 
tional Lead Co., S. A., Buenos Aires, 
Argentina. 


Luther M. Krupp, resident engineer 
at Isbell Construction Co., Reno, 
Nev., has been transferred to the 
lead-zinc mine of American Smelt- 
ing & Refining Co., Northport, Wash. 


Clair C. Chamberlain has left the 
staff of Idarado Mining Co., Ouray, 
Colo., where he had been chief en- 
gineer, to become mine superinten- 
dent, at Cape Province, O’okiep 
Copper Co., Ltd. Union of South 
Africa. 


Gabor Dessau has resumed his duties 
in Haifa, where he is establishing a 
mining engineering department at 
the Israel Institute of Technology, 
after a trip to Mexico where he at- 
tended the Geological Congress. 


Charles O. Parker Il, a graduate of 
the Colorado School of Mines, has 
been awarded the Mineral Engineer- 
ing Fellowship for two years of study 
at the Harvard Business School. 


Gale A. Hansen has taken the post of 
superintendent at New Park Mining 
Co., Keetley, Utah. He was formerly 
resident manager for Northwest 
Uranium Mines Inc., Spokane. 


James H. Wren, of J. H. Wren & Co., 
Sacramento, Calif., consultants in 
mining engineering, will open a 
branch office in Salt Lake City to 
handle Utah uranium and eastern 
Nevada tungsten accounts. 


Pierre C. Delaitre has joined the 
Division of Program, Technical As- 
sistance Administration at United 
Nations headquarters in New York. 


Ernest C. Simkins, formerly assist- 
ant mine superintendent at the 
Bingham Canyon open-pit copper 
mine, was appointed director of 
labor and personnel at Utah Cop- 
per Div., Kennecott Copper Corp., 
Salt Lake City. The company also 
announced the appointment of Ray 
F. Gough as assistant mine superin- 
tendent at the division. 
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J. H. WREN 


Did you know that 


“The 


Engineering 
Societies 


Library 

can serve you by air mail 
and air parcel post? Over 
170,000 engineering texts, 
and files of every worth- 
while periodical are avail- 
able for further research to 
meet your specific needs— 
patents, design, research, 
construction, and manage- 
ment problems. Charges 
cover only the cost of the 
services and represent but 
a fraction of the value you 
will receive. 


The Engineering Societies Library 
33 West 39th Street, New York 18, N.Y. 
Mr. Ralph H. Phelps, Director 


Please send me informa- 
tion pamphlet on services 
available, how air mail can 
expedite them, and their 
cost. 


Name 


State 


Personals 
(Continued from page 372) 


Glen Leon Butt is now with Rare 
Metals Corp. of America, Tuba City, 
Ariz. 


James A. Ndulue has left the Mon- 
tana School of Mines for the Nigeria 
Dept. of Mines, Northern Nigeria, 
W. Africa. 


Charles L. Golding has left Vene- 
zuela to join the United Geophysical 
Co. in Libya, North Africa. 


Azad Mardirosian is attending Utah 
University for graduate credits in 
geology. 


Robert T. Chapman has gone to 
Buenos Aires for a position with 
Sociedad Minera Argentina. 


Donald W. Bobzien is with Cia Min- 
era Nacional, S.A., in Taxco, Mexico. 


Donald L. Simpson is an engineer- 
trainee at the Ray Mines Div., Ken- 
necott Copper Corp., Ray, Ariz. Ken- 
neth Vance has been named assist- 
ant drilling and blasting boss at the 
Ray Div., following the completion 
of his training program. 


James T. McMullan resigned his 
position with Atlas Copco Eastern 
Inc., Paterson, N. J., and is now sales 
representative for Brunner & Lay 
Inc., Franklin Park, Ill. 


Joseph T. Clark now superintends 
plant No. 1 at Leece-Neville Co., 
Cleveland. 


F. S. Rooney has transferred from 
New York to the Pocatello, Idaho, 
office of Westvaco Mineral Products 
Div., Food Machinery & Chemical 
Corp. 


Albert K. Smith, Jr., is chief engi- 
neer at Resurrection Mining Co., 
Leadville, Colo. 


Consultants Please Note: 


The office of the Mining 
Branch Secretary would like 
to revise and bring up to date 
their files on members who 
serve as full time or part time 
consultants to the Mining In- 
dustry. This information is 
needed to properly answer the 
many requests which are di- 
rected to our attention by per- 
sons writing in from all parts 
of the world. If you are inter- 
ested in having your name 
listed and kept in this up-to- 
date file, kindly send your 
name, latest permanent ad- 
dress, and special field of en- 
deavor or service as a consult- 
ant on a “Two Penny” Post 
Card to: Arnold Buzzalini, 
Society of Mining Engineers of 
AIME, 29 West 39th Street, 
New York 18, N. Y. 


STOP POWER 
FAILURES with 


Use Dow Corning 3 Compound 


to obtain maximum protection 
against shorts, grounds and arcs 
caused by moisture, water, mine 
dust and corrosive fumes... A 
grease-like silicone water repellent, 
3 Compound is the ideal dielectric 
for filling voids and coating insu- 
lating parts in electrical equipment. 


You can use Dow Corning 3 to 
prevent corrosion, too . . . Many 
electrical maintenance men keep 
several tubes handy for use on 
disconnect switches, cable con- 
nectors, battery terminals, fuse 
cartridge clips and other electrical 
fixtures. A thin film of this silicone 
compound provides long-time pro- 
tection at temperatures from —40 
to 400 F. 


See for yourself how Dow Corning 
3 Compound reduces power failures 
and the hazards of explosions. 


Write for FREE SAMPLE 
and complete information today 


DOW CORNING CORPORATION 
Dept. 5615, Midland, Michigan 
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OBITUARIES 


Everette Lee DeGolyer 


An Appreciation by 
Lewis W. MacNaughton 


Everette Lee DeGolyer (Honorary 
Member 1914), senior chairman of 
the board of DeGolyer & MacNaugh- 
ton, consultants to the petroleum in- 
dustry, and director of many com- 
panies engaged in the petroleum and 
related industries, died at his office 
in Dallas on Dec. 14, 1956. 

Mr. DeGolyer, who was affection- 
ately known to his many friends as 
“De,” was born on Oct. 9, 1886, of 
pioneer parents on a farm near 
Greensburg, Kan. 

Mr. DeGolyer’s interest in geology 
began even before he attended the 
University of Oklahoma. During his 
summer vacations he worked with 
the USGS, attracting the attention of 
C. W. Hayes. Shortly thereafter, Dr. 
Hayes, who was then building the 
geological staff of the Mexican Eagle 
Oil Co. Ltd., encouraged him to join 
his staff beore graduation. While in 
Mexico, Mr. DeGolyer staked the 
location for the Potrero Del Llano 
Well No. 4, one of the world’s largest 
oil wells. He returned to the Univer- 
sity and was graduated with a B.A. 
in geology in 1911, after which he 
was appointed chief geologist of 
Mexican Eagle Oil Co. Ltd. 

From this point onward, his or- 


ganizational ability was displayed in 


many of his activities. He helped 
form the Amerada Petroleum Corp. 
in 1919 and in 1925 its subsidiary, 
the Geophysical Research Corp. He 
also aided in the organization of 
Geophysical Service Inc. Another 
pioneering service company, Core 
Laboratories Inc., was formed at his 
instigation. After he resigned as 
Board Chairman of Amerada, he or- 
ganized his own small company, the 
Atlatl Royalty Corp., where his 
primary interest lay in exploring for 
new oil fields. Although he was in- 
strumental in organizing a number 
of companies engaged in various 
phases of the petroleum industry, he 
much preferred to study and analyze 
and explore situations rather than 
handle administrative details. In 
1936, Lewis W. MacNaughton joined 
with him as consultants for the pe- 
troleum industry. This association 
was formalized under the name of 
DeGolyer & MacNaughton on Jan. 1, 
1939, and Mr. DeGolyer remained 
the active senior member of this firm 
until his death. 

During these years, Mr. DeGolyer 
also devoted much time to a wide 
variety of other activities. He was 
Distinguished Professor of Geology 
at the University of Texas in 1940, 
and was with the Petroleum Admin- 
istration for War in Washington for 
over two years. He also served with 
the Interstate Oil Compact Commis- 
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distinguished members; and 


in this field; and 


of the Institute in 1927; and 


therefore, be it 


February 24, 1957 


Memorial Resolution 


EVERETTE LEE DEGOLYER 


WHEREAS, with the passing of Everette Lee DeGolyer in Dallas, 
Texas, on December 14, 1956, the American Institute of Mining, 
Metallurgical, and Petroleum Engineers has lost one of its most 


WHEREAS, Mr. DeGolyer was, during his entire career, one of the 
most prominent engineers in the Mining and Petroleum profession, 
founder of a number of important oil companies, developer of many 
exploratory tools for the petroleum industry, and leading consultant 


WHEREAS, he had been a member of The American Institute of 
Mining, Metallurgical, and Petroleum Engineers since 1914 and an 
Honorary Member since 1951, and had served as a director of the 
Institute from 1921 to 1926 and from 1928 to 1929, and was president 


WHEREAS, he had received the Anthony F. Lucas Medal in 1940 and 
had received the John Fritz Medal in 1942 for his vision and leader- 
ship in developing and applying the art of geophysical exploration; 


RESOLVED, that the American Institute of Mining, Metallurgical, 
and Petroleum Engineers record with deep sorrow the loss of this 
distinguished engineer, friend, and member; and be it further 

RESOLVED, that this resolution be spread on the minutes of this meet- 
ing and a copy sent to the family of the late Everette Lee DeGolyer. 


AIME Board of Directors 


sion, National Petroleum Council, 
Military Petroleum Advisory Board, 
and the AEC Advisory Committee 
on Raw Materials. He was a mem- 
ber of the Council and a fellow of 
the Geological Society of America, a 
director of the American Petroleum 
Institute, and one of the founders 
and a past president of the American 
Assn. of Petroleum Geologists. Last 
year he was appointed regent of the 
Smithsonian Institution by President 
Eisenhower. 

Mr. DeGolyer’s association with 
AIME was a long and active one, 
and he contributed some 50 papers 
to AIME publications. A member 
since 1914, he was a director from 
1921 to 1926 and from 1928 to 1929. 
He was the first chairman of the 
Petroleum Div., 1923-1925, and was 
president of the Institute in 1927. He 
received the AIME Anthony F. Lu- 
cas Medal in 1940 and the John Fritz 
Medal from the Four Founder Socie- 
ties in 1942 for “vision and leader- 
ship in developing and applying the 
art of geophysical exploration.” In 
1951 he was elected an honorary 
member of AIME. 

Mr. DeGolyer received many other 
honors, including the following hon- 
orary degrees: Doctor of Science 
from the Colorado School of Mines, 
Southern Methodist University, Tu- 
lane University, and Washington 
University; Doctor of Law from 
Trinity College; Doctor of Engineer- 
ing from Princeton University; and 
Doctor, Honoris Causa, from the 
University of Mexico. He was a re- 
cipient of the Sidney Powers Memo- 
rial Award of the American Assn. of 
Petroleum Geologists, and the first 
Distinguished Service Citation from 
the University of Oklahoma. 

Mr. DeGolyer’s rare capacity for 
simplifying complex problems so 


that they could be readily handled, 
influenced the thinking of many 
friends and associates. Likewise, his 
unusual ability in applying new con- 
cepts and methods to practical uses 
has had, and will continue te have, 
a lasting effect on the petroleum in- 
dustry. Constant curiosity and love 
of research made his work a real 
pleasure to him, and the results 
brought him much fame and success. 
These qualities, which stimulated 
those around him to the full utiliza- 
tion of their talents, set him apart 
from other men. 

Mr. DeGolyer is survived by his 
wife, Mrs. Nell Goodrich DeGolyer; 
three daughters, Mrs. John S. Max- 
son of Dallas, Mrs. George C. Mc- 
Ghee, and Mrs. Milton Arnold both 
of Washington, D. C.; a son Everette 
L. DeGolyer, Jr., of Dallas, and 13 
grandchildren. 


V. F. Stanley Low (Legion of Honor 
Member 1901) died recently in Syd- 
ney, Australia, where he had been a 
consultant mining engineer. Born 
Jan. 23, 1871, in Victoria, Australia, 
Mr. Low studied at the University 
of Melbourne, receiving his B.A. de- 
gree in civil engineering in 1893. He 
joined the Mount Lyell Mining & 
Railway Co. Ltd., Tasmania, and was 
promoted to assistant engineer. By 
1902 he was general manager, Brok- 
en Hill Co. Ltd., New South Wales. 
After a year as consulting engineer 
in Jamaica, B. W. L., he returned to 
Australia in 1955 as consultant with 
the National Bank of Australasia. 


Arthur H. Keller (Legion of Honor 
Member 1883) died in Honduras, 
Central America, where he was a 
mining engineer with the Santa Rosa 
de Copan Co. 


Ronald C. Rowe (Member 1943), 
widely known in Canadian and in- 
ternational mining and industrial 
publishing circles, died March 27, 
1956 at the age of 66. Born in Nor- 
folk, Eng., Mr. Rowe came to Canada 
in 1910, joining the Bell Graphite 
Co., Buckingham, Que., and turned 
his attention to the study of survey- 
ing, engineering practice, and min- 
eralogy, becoming manager of the 
company at the age of 26. He was 
prominently identified with the 
graphite mining and refining indus- 
try as general manager for The 
North American Graphite Co., in 
Buckingham. During this period he 
designed and installed the first 
graphite flotation plant in Canada 
and also practiced as a consulting 
engineer. For many years a regular 
contributor to industrial publica- 
tions, he became editor-in-chief of 
Canadian Mining Journal. He served 
as president of National Business 
Publications from 1946 until his 
death. 


Frank Eichelberger (Member 1935) 
former director of Sunshine Mining 
Co., Spokane, died of a heart attack 
in his home at Hayden Lake, Ida- 
ho, on Oct. 21, 1956. He was 71 years 
old. His outstanding mining career 
took him into ten countries and in- 
cluded important services to his in- 
dustry in three wars. During those 
years he was associated with the 


construction of 16 different milling, 
smelting, and metallurgical piants. 
In recent months his principal inter- 
est was the operations of Conjecture 
Mines Inc., near his home in Idaho. 
A graduate of Michigan College of 
Mines in 1908, Mr. Eichelberger took 
his first mining job while still in 
school. During World War I, he su- 
pervised construction of one of the 
first commercial flotation mills in 
Helena, Mont. In the early 1950’s he 
helped found American Chrome Co. 
and in 1952 went to the Far East as 
a mining adviser to the South Ko- 
rean government, examining tung- 
sten and uranium deposits near the 
38th parallel while war was raging 
there. 


James H. Ratliff (Member 1940) died 
of a heart attack on Sept. 20, 1956. 
A native of Mancos, Colo. where he 
was born Jan. 12, 1879, his mining 
career dates back to 1914 when he 
was exploration engineer in Colora- 
do and Utah. His last post was with 
Humphreys Gold Corp. in Denver. 


Malcolm Glen (Member 1949) died 
recently in Australia, his native land. 
He was born in Melbourne on Sept. 
2, 1907 and attended the University 
of Melbourne where he received his 
Bachelor’s degree in metallurgical 
engineering. At the time of his death 
he was associated with the North 
American Cyanamid Ltd. where he 
began as field engineer in 1947. 


Over 


South Main St. 


Half Century 


Experience in 


Exploration and Development 
Diamond Core Drilling 
Rock Breaking - Grouting 
Shaft Sinking 
Mining Quarrying 
and Tunnel Driving 
Full details on request 


}Savies ros. 


DRILLING COMPANY 


Dial HUnter 4-4401 
City, Utoh. 


John Clark Pickering, (Member 
1914) retired mining engineer, died 
on Oct. 10, 1956, in Ft. Lauderdale, 
Fla., at the age of 73. A native of 
New York, Mr. Pickering spent 
many years in Latin America and 
also worked in Africa and the U. S., 
primarily engaged in the mining of 
zinc, lead, copper, silver, gold, and 
tin. He was associated with Cerro 
de Pasco Mining Co. in Peru from 
1904-1907, first as a surveyor, later 
as chief engineer. He was general 
manager, Buena Tierra Mining Co. in 
Mexico, and from 1914 to 1917 he 
served the Eugene Meyer, Jr. & Co., 
consulting engineers of New York. 
After World War I, Mr. Pickering 
held executive posts in Mexico for 
the Exploration Co. Ltd., and finally 
became general manager of the 
Patino Mines & Enterprises Consoli- 
dated Inc. in Bolivia, remaining in 
this post from 1927 until his retire- 
ment in 1939. He was the author of 
numerous technical articles and also 
wrote two books, Engineering Anal- 
ysis of a Mining Share and Cost 
Keeping for Small Metal Mines. 


Oliver J. Egleston (Member 1919) 
died on August 23, 1956, of a cere- 
bral hemorrhage. Born in 1918 in 
Wykoff, Minn., he was a graduate of 
the University of Minnesota School 
of Mines. A retired vice president 
and consulting engineer for U. S. 
(Continued on page 377) 


Tyler Screen Sections 
for All Makes 


of Screening Machines! 


Telephone 443-W 


Contact Salt Lake City Office 


mesh or metal. 


Screen sections of Tyler Woven Wire are fabri- 
cated for all makes of vibrating screens in any 
They are made up with hook-strip 
or bent-edge construction to suit the machine on 
which they are to be used. 


Tyler rugged, accurately-applied hook-stri 
screens at drum-head tension, which is essential for 
successful screening and long screen life. 


maintaining 


THE W. S. TYLER COMPANY 
CLEVELAND 14, OHIO 


Manufacturers of Woven Wire Screens and Screening 


Canadian Plant—St. Catharines, Ontario, Canada 
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Coming Events 


Mar. 21, AIME Utah Lecal Section. Speaker: 
w. Don Quigley, Consulting wy sub- 
ject: Discussion of the Aneth and Associ- 
ated Oil Discoveries in the Paradox Basin. 
Newhouse Hotel, Salt Lake City. 


Mar. 25-29, ASM, 10th Western Metal Expe- 
sition and Congress, Pan-Pacific Audito- 
rium and Ambassador Hotel, Los Angeles. 


Mar. 29-30, Conference for Engineering Ad- 
ministrators and Personnel Executives, Kel- 
logg Center, Michigan State University, 
East Lansing, Mich. 


Apr. 1-4, American Assn. of Petroleum Geolo- 
gists, annual meeting, Kiel Auditorium, St. 
Louis. 


Apr. 5, 6, AIME Pacific Southwest Mineral 
Industry Conference. Sponsored by Nevada 
Section, cosponsored by San Francisco and 
Southern California Sections. Reno. 


Apr. 8-10, AIME, National Open Hearth Steel 
and Blast Furnace, Coke Oven, and Raw 
Materials Conferences, Penn-Sheraton Ho- 


tel, Pittsburgh. 


Apr. 10, AIME Utah Local Section, AIME 
Student Section, University of Utah, dinner 
meeting. Speaker: A. B. Kinzel, AIME 
President-Elect; subject: The New Ele- 
ments. Union Hall, University of Utah, Salt 
Lake City. 


Apr. 11-13, AIME, Pacific Northwest Regional 
Multnomah Hotel, Portland, 


Apr. 21-24, Second Annual Symposium on 
Reck Mechanics, Sponsored by Colorado 
School of Mines, Golden, Colo. 


Apr. 22-24, CIM, annual meeting, Ottawa, 
Ont., Canada. 


Apr. 24-25, Lead Industries Assn., annual 
meeting, Drake Hotel, Chicago. 


Apr. 25-26, American Zinc Inst. Inc., 39th 
annual meeting, Drake Hotel, Chicago. 


May 6-8, Institute on Lake Superior Geology, 
annual meeting, cosponsored by AIME Ex- 
ploration Subsection, Upper Peninsula Local 
Section, Michigan Geological Survey, and 
Michigan Geological Society. Kellogg Cen- 
ter, Michigan State University, East Lan- 
sing, Mich. 


May 13-16, Coal Convention and Exposition 
ef the American Mining Congress, City 
Auditorium, Cleveland. 


May 16, AIME Utah Local Section. Speaker: 
A. E. Millar, General Manager, The Ana- 
conda Co., Yerington Mines, Weed Heights, 
Nev.; subject: The Yerington Story. New- 
house Hotel, Salt Lake City. 


May 23-24, Lake Superior Mines Safety Coun- 
a 33rd annual conference, Hotel Duluth, 
uluth. 


May 24-25, AIME Central Appalachian Sec- 
tien, spring meeting, Maple Shade Inn, 
Pulaski, Va. 


June 16-21, ASTM, annual meeting, Chal- 
Hall Hotel, Atlantic City, 


Sept. 8-Oct. 9, Commonwealth Mining and 
etallurgical Congress, British Columbia to 
Nova Scotia, Canada. 


Sept. 9-12, American Mining Congress, an- 
nual convention, Utah and Newhouse Ho- 
tels, Salt Lake City. 


18-21, International Mineral Dressing 
‘ongress, Royal Inst. of Technology, Stock- 
holm, Sweden. 


Oct. 6-9, AIME, Petroleum Branch, Dallas. 


Oct. 9-1i, ASME-AIME Coal Div., Joint Selid 
— Cenference, Chateau Frontenac, Que- 


Oct. 15-18, Seutheastern Mining Branch Con- 
ference, Hillsboro Hotel, Tampa, Fla. 


Oct. 30-Nev. 1, AIME, Recky Moutain Miner- 
als Conference, Denver. 


Nov. 4-6, AIME, IMD Fall Meeting, Morrison 
Hotel, Chicago. 


Nev. 11-14, Seciety of Exploration ee 
cists, th Annual Meeting, Statler- 
Hotel, Dallas. 


Dec. 1-6, ASME, Annual Meeting, Hotel 
Statler, New York. 


Dec. 4-6, AIME, Electric Furnace Steel Con- 
ference, Penn-Sheraton Hotel, Pittsburgh. 


Feb. 16-20, 1958, AIME Annual Meeting, 
Hotel Statler, New York. 


Branch 
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Geophysical Case Histories, Vol. II, 
The Society of Exploration Geo- 
physicists, P.O. Box 1536, Tulsa, 
Okla., 676 pp., $7.00, 1956.—This is a 
collection of 53 case histories cate- 
gorized as: general and historical, 
salt domes, anticlines, reefs, strati- 
graphic traps, mines, and new uses. 
Seismic records and maps accom- 
pany many of the papers. 


Some Uranium Occurrences in West 
Texas, by D. H. Eargle, Bureau of 
Economic Geology, University Sta- 
tion, Box 8022, Austin 12, Texas, 21 
pp., 25¢, 1956.—Prepared in coopera- 
tion with USGS, this pamphlet (Re- 
port of Investigations—No. 27) dis- 
cusses the location, discovery, geolo- 
gy, and prospects of the uranium 
sources of the west Texas area. 


Sampling Limestone and Dolomite 
Deposits for Trace and Minor Ele- 
ments, by J. E. Lamar and K. B. 
Thomson, Illinois State Geological 
Survey, Urbana, IIL, 18 pp.. 2¢ post- 
age, 1956.—This circular, No. 221, 
gives the results of an investigation 
into the problems of sampling pro- 
cedure raised by the trace and minor 
elements in limestone and dolomite, 
especially those used for agricul- 
tural limestone. 


Proceedings of Mining Research 
Conference, Technical Series No. 92, 
Missouri School of Mines, Rolla, Mo., 
42 pp., free, 1956.—This booklet pre- 
sents the proceedings of a conference 
held in October 1955, at the Univer- 
sity of Missouri and co-sponsored by 
the Bureau of Mines, and the School 
of Mines and Metallurgy, University 
of Missouri. Among the subjects in- 
cluded are geomechanics, statistical 
analysis in computing reserves and 
grade of ore, and the future outlook 
of mining technology. 


Ferruginous Bauxite Deposits in the 
Salem Hills, Marion County, Oregon, 
by R. E. Corcoran and F. W. Libbey, 
Dept. of Geology and Mineral Indus- 
tries, 1069 State Office Bldg., Port- 
land 1, Ore., 50 pp., $1.25, 1956.— 
Bulletin No. 46 of the State of Ore- 
gon publications, this study presents 
a chemical and_  spectrographical 
analysis of the parent basalt, clay, 


Date 

Elected Name 
Stanley L. Arnot 
Frank J. Cole 
Hale O. Davis 
Max W. Dessau 
Harold Stewart Elford 
S. C. Faneuf 
Legion of Honor 
J. Preston Irwin 
Walter H. Jacobson 


Eugene G. Saari 

J. E. Settle 

Edward W. Spottswoud 
Albert E. White 

J. Lloyd White 
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Smelting, Refining and Mining Co., 
he worked his way up through the 
ranks, starting in 1901 as an engi- 
neer and becoming chief engineer, 
then general manager of western 
operations. 


Walter M. Briggs (Member 1929) 
died recently. He was born in St. 
Louis in 1871. A graduate of Har- 
vard University, he became secre- 
tary-treasurer of Tennessee Copper 
Co. and the Great Northern Develop- 
ment Co. and in 1917, president of 
Regal Mines of Alaska in California. 


MEMBERSHIP 


Proposed for Membership 
Mining Branch, AIME 


Total AIME membership on Dec. 31, 1956, 
was 26,298; in addition 3,415 Student Asso- 
ciates were enrolled. 


ADMISSIONS COMMITTEE 
R. B. Caples, Chairman; F. A. Ayer, Vice- 
Sg A. C. Brinker, R. H. Dickson, C. 
Dodson, R. B. Fulton, T. D. Jones, F. W. 
Sidney Rolfe, F. T. ow oO. B. J. 
Fraser, F. W. McQuiston, Jr., A. R. Lytle, 
L. P. Warriner. 


The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 
J. Arquedas, Oroya, Peru 
J. Bierling, Salisbury, Southern Rhodesia 
E. Lee Cameron, Halifax, N. S., Canada 
Vernon R. Campbell, Eveleth, Minn. 
Horace A. Ensign, Salt Lake City 
M. G. Erasmus, Otu, Colombia 
S. H. Glassmire, Jr., Sante Fe, N. M. 
T. W. Gordon, Kings Mountain, N. C. 
Joe G. Ivy, Carlsbad, N 
Wm. S. McWhorter, Carisbad, N.M. 
Karl A. Mayer, Forty Fort, Pa. 
W. J. Pearson, Baguio, P. I. 
Donald W. Peterson, Riverton, Minn. 
James C. Powell, San Andreas, Calif. 
Vernon Read, Provo, Utah 
Hans P. Rechenberg, Istanbul, Turkey 
Adrian J. Roberts, Baguio, P. 1. 
Robert M. Welliver, Hazelton, Pa. 
Lundy R. Wright, Kingston, Pa. 
Associate Members 
Paul Burke, Rochelle Park, N. J. 
Jack B. Byerrum, Littleton, Colo. 
Francisco Chaman V., Huancayo, Peru 
Robert F. Clemens, Stamford, Conn. 
H. Sidney Downs, York, Pa. 
Richard L. Dunn, Ray, Ariz. 
Robert K. Evans, Reno, Nev. 
Wm. D. Moreman, Knoxville, Tenn. 
W. J. Philpott, Lima, Peru 
Keith E. Reading, Salt Lake City 
J. W. Rimmer, Salt Lake City 
David H. Robeson, Lakeland, Fla. 
William L. Smith, Spruce Pine, N. C. 
Harry M. Tibbs, Kayford, W. Va 
Robert M. Williamson, Salt Lake City 
Junior Members 
Wayne G. Basler, Belleville, Il. 
Phillip E. Cogar, Earlwood, New South Wales, 
Australia 
Charles L. Fair, Tucson, Ariz. 
Gerald Warren Freeman, Los Angeles 
Theodore F. Izzo, Moab, Utah 
Donald R. Loedding, Honolulu, Hawaii 
David E. Nicholson, Butte, Mont. 
Philip M. Williams, Lima, Peru 


CHANGE OF STATUS 
Associate to Member 
J. J. Beinlich, Pittsburgh 
Frank R. Culhane, Elmhurst, Ill. 
Donald T. Delicate, Moab, Utah 
Vernon W. Elizey, Columbus, Ohio 
E. G. Erspamer, Duluth 
Albert R. Goeppert, Luzerne, Pa. 
John F. Hatch, Lakeland, Fila 
John F. Haynes, El Paso, Texas 
John N. Hoffman, University Park, Pa. 
Hugh C. Ingle, Jr., Tracey, Calif. 
John T. Keim, Sweetwater, Tenn. 
Robert Kulstad, Lawrence, Kan. 
Oscar E. Margraf, Rio De Janeiro, Brazil 
Robert M. McGeorge, Salt Lake City 
Gordon M. Miner, Moab, Utah 
William R. Paine, Lafayette, La. 
Alan P. Ploesser, Baguio, P. I. 
John J. Schanz, Jr., ~— College, Pa. 
Harry L. Schell, Lead, 
Robert E. Simon, Falls, 
Charles L. Sollenberger, Milwaukee 
Thomas A. Stewart, Morococha, Peru 
Junior te Member 
Ray W. Pett, Payson, Utah 
Cooper Harry Wayman, Cambridge, Mass. 
REINSTATEMENT--CHANGE OF STATUS 
Associate te Member 
Lupo F. Cinco, Caracas, Venezuela 
Junior to Member 
D. Charles McAuliffe, Butte, Mont. 
Student te Member 
Jorge H. Boza, Lima, Peru 
Thomas L. Wilson, Salt Lake City 
Student to Junior 
Billy Stevens, Sullivan, Mo. 


In the Fine Mesh Range, the Leahy® Screen Maintains 
its Big Lead 


and bauxite of the area, and the 
type, shape, size, location, and geol- 
ogy of the orebodies are described. 


Bibliography of Mining Theses at 
U. S. Institutions, compiled by H. L. 
Hartman, Quarterly of the Colorado 
School of Mines, Vol. 51, No. 2, Col- 
orado School of Mines, $1.00, 1956.— 
This bulletin lists the theses pre- 
pared at 23 of the 28 U. S. schools 
offering graduate work in mining 
engineering. Theses are arranged al- 
phabetically, according to subject, 
school of origin, and author, in three 
sections. 


Because it 
especially for fine mesh screening, the 
Leahy No-Blind Vibrating Screen is 
definitely outperforming anything else 


has been engineered 


in the field. Its differential vibration 
clears the mesh of wedging particles 
1600 times per minute .. . and when 
damp or sticky materials are screened, 
FlexElex® electric heating keeps the 
mesh dry and wide open. Send for 
Bulletin 16 EH. 


DEISTER CONCENTRATOR CO., INC. 
The Original Deister Co., Established 1906 
923 Glasgow Avenue Fort Wayne 3, Indiana 
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Date of 
Death 
Unknown 
Dec. 30, 1956 
Unknown 
Dec. 12, 1956 
Unknown 
Jan. 2, 1956 
Jan. 1, 1957 
Dec. 19, 1956 
1953 Marvin L. Kay Dec 7, 1956 
1953 Fred C. Krebs, Jr. Unknown 
1942 A. M. Rippel Dec. 12, 1956 
1955 Unknown ; 
1947 Sept. 14, 1955 , 
1928 1951 
1919 Dec. 18, 1956 
1944 Oct. 26, 1956 


Appraisals 
Chen Professional Services oiling 


Construction Space limited te Aine members or Le have at Metallurgical 
: least one mem on ir staffs t per year; 
aes half inch, $25 payable in advance. 
igning 


ADAIR, BAILEY & VAN HORN RAPHAEL G. KAZMANN CEO H- TIMMINS: P. Eng. 
Minerals Consultants ~ MINING 
Mining Ore _Dressing Consulting Ground-Water Engineer Examinations - Reports 


Box 221, Murphy, N. C. Stuttgart, Arkansas 


C. P. KEEGEL 
Mining and Metallurgical Engineer GODFREY B. WALKER 
Appraisal 


814 Newhouse Bui ing Administration | P Metallurgical Consultant 
Specializing ir. Management and Dressi Extractive 
Felephone: ELpin 9-0976 Consultation in Latin America Mineral ng & 


L721 Se. 14th St., Las Vegas, Nevada ,, 
elephone DUdley 4-6981 27 e OG ich, Conn. 
JAMES A. BARR KELLOGS } EXPLORATION COMPANY 


ts-G ists 


3401 No. Marengo, Altadena, Calif. Mill-Design and C 
Sycamore 4-1973 401 High St. Denver 8, Cole. 
Philip Baukol 
P J. Ba ofr KELLOGG KREBS 


° 7 = Mineral Dressing Consultant CLIFFORD R. WILFLEY 
INDUSTRIAL meTACLURGICAL 564 Market St., San Francisee 4, Calif. Consulting Mining Engineer 


2233 Grape St. Denver 7, Colorado 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers Consulting isals + Reports CLYDE H. WILSON 


|-18th Street SW, MINING ENGINEER AND GEOLOGIST 
Birmingham, Alc. Phone 56-5566 Registered Professional Engineer 
11 Broadway New York 4, N. ¥. GEOLOGICAL & GEOPHYSICAL SURVEYS 
Mineral Deposits + Petroleum 
LEDOUX & COMPANY Ground Water 
sees“ B. tata Chemists Assovers spectrescopiets 366 South Fifth East, Salt Lake City 2, Utah 
| SHIPPERS REPRESENTATIVES 


eports Mine Ane 
Ave de las Quintas No. 20 Tel 307 Alfred aby | Jersey HARRY J. WOLF 
Parral, Chih., Mexico a0? awe. _ Mining and Consulting E 


= Park Place, New York 7, N. ¥. 
JOSEPH T. MATSON 1. Recter 2-5307 
BLANDFORD C. BURGESS CONSULTING MINING ENGINEER 
Registered Professional Engineer Examinations—Appraisals 
Mining Consultant 
Menticelle, Georgia 


P.O. Box 170 Santa Fe, New Mexice 


NEWELL G. ALFORD 
COWIN & COMPANY, INC. CLAYTON T. MeNEIL, E. M. Consulting Mining Engineer 
Mining ontractors Consulting Mining Engineer 2 9 9 
Shaft & 822 Bank of America Bidg. Coal Property Piospecting, 
Mine Plant Constructi Tel. GArfield 1-2948 Development, Operation and 
1-18th Street SW, SAN FRANCISCO 4, CALIFORNIA Valuation 
Birmingham, Alc. Phone Oliver Building Pittsburgh 22, Pa. 


ARNOLD H. MILLER 


D. H. ELLIOTT 
. Mine, Mill and Industrial Investigations 
MINING PHOTOGEOLOGIST | ement Design and Recommendations ALLEN & GARCIA COMPANY 
P. O. Box 1007 Casper, Wyoming Cable: “ALMIL” Tel. Cortlandt 71-0685 42 Years’ Service to the 
120 Broadway New York 5, N. ¥. Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 


DAVID LeCOUNT EVANS 
onsultant 


332 S. MICHIGAN AVE., CHICAGO 
Mining Geol Petroleum Geology Mining Consultants 

4 165 Tel. BA 7-6960 120 WALL S8T., NEW YORK CITY 


O'DONNELL & SCHMIDT 


Tel.: AMherst 2-8954 or MUrray $-6437 Cables: EXAMIMINES 


HOWARD M. FOWLER 
MINING ENGINEER AMEDEE A. PEUGNST 
os Eng. : British Columbia & Alaska CONDULEING MINING 2 ING! 
“ . 705 Chestnut St. St. Leuis 1, Me. 


1025 Vermont Ave. C. A. Johnson Bidg. 
LUCIUS PITKIN, INC. 2 
Mining Geology Assay ers—Chemists—Spectroscopists 


7 Ardilla Road Orinda, California PITKN BLDG. 47 FULTON ST. New YORK 
L Cable Address: Niktip B. B. R. DRILLING CO. 


a E. INGERSOLL — National Road West 


in. Arizone and New Menice MILNOR ROSERTS Mining Enotmeer St. Clairsville, Ohio 


Mine and G | Reports, The Pacific Northwest, Diamond Core Drilling 

5505 Thabercett Drive ET Paso British Columbia and Alaska Contractors 

4501 15th Ave., N.E. Seattle, Wash. Mineral Foundation 

Cores Guaranteed Testing 
WILLIAM J. SHEDWICK, JR. 


Ontario 
Victor 4-9413 ond alle CENTENNIAL DEVELOPMENT CO. 


New Jersey License 2744-0 C ing Mining Engineers 
‘onsultant 


Mineral Eco eral Dressing CLOYD M. SMITH Shaft Sinking — Tunnel Driving 
Heavy Modis Engineer Mine Development 

405 Miners Bank Bldg. Voie Doreen Eureka, Utah Phone 560 

Tel. MAytair 83-7161 Munsey Building Washington 4, D.C. 
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| - Suite 700 1980 Sherbrooke, Montreal 
= Phone Glenview 2376 
| 
= 
| 
BALL ASSOCIATES 
Oil, Gas and Minerals Consultants 
Bali Wendell W. Fertig 
R. H. Fulton Alan M. Bieber 
} Aircraft Scintillometer equipped A. S. Wyner 
i: — Offices 
¢ 


EAVENSON, AUCHMUTY & 
SUMMERS 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Koppers Bldg. Pittsburgh 19, Pa. 


MAC AFEE and COMPANY 


Consulting Engineers 


3105 Wilshire Boulevard + Los Angeles 5 * 
DUnkirk 8.9674 « CABLE MACAFEE 


— 


FAIRCHILD AERIAL SURVEYS, INC. 


Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography ond aphic Mosaics 
for Mining Explorat 


224 E. 11th St. 
Los Angeles 


30 Rockefeller Plaza 
New York 


THERON G. GEROW 


CONSULTANT AND 
ENGINEER 


111 North Wabash Avenue 
Chicago 2, Illinois 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 
Water Supply Sait Water Problems 

Dewatering Investigations 
Recharging Reports 
551 Fifth Avenue, New York 17, N. Y. 


ROBERT S. MAYO 
Civil Engineer Lancaster, Po. 


E. J. LONGYEAR COMPANY 
Geological and Mining Consultants 


Shoreham Bldg 


GRAFF ENGINEERING 
COMPANY 
Mining Engineers and Surveyors 
39 E. Campbell St. Blairsville, Pa. 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacramento Street 
SAN FRANCISCO 


JOHN D 
Consulting Ground- w Geologist 


Repo rveys 
~~ Wat iter i. 
Studies 
EL CENTRO, CALIFORNIA 


HOPKINS EXPLORATION CONSULTANTS 

607-320 Bay St. Toronto 1 

EM. 4-5642 HU. 9-8375 
Branches 


Algoma Mills and Timmins, Ont. 
Uranium City, Saskatchewan 


R. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 

Diamond Core Drill Contractors 
of Diamond Bits and 
Drilling Accessories 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems Storage Methods 
Crushing Plants Ship Loading Docks 
Materials Handling and 
Processing Plants 
308 W. Washingten St. Chicage 6, Il. 


JOHN D. MORGAN, JR. E. M., PH. D. 
Consultant 


Business and Defense Problems 
in Metals, Minerals, and Fuels 


724 14th St., N.W., Washington 5, D.C. 


J. B. MORROW 
COAL CONSULTANT 
Oliver Bidg. _—Pittsburgh, Pa. 


CONTRACTORS 


Testing Mineral Deposits 
Foundation Borings 


MOTT CORE DRILLING CO. 
Huntington, W. Va. 


ME 8-1681 


DIAMOND CORE DRILLING 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
Underground Mining Methods, Cost 
Cutting Surveys—Production 
—Mine Mechanization—Mine Manage- 
ment. 

808 Newhouse Bidg. EMPIRE 83-5373 

Salt Lake City 4, Utah 


SHENON AND FULL 
Consulting Mining Geologists 
700 Newhouse Building 
Salt Lake City 11, Utoh 
Philip J. Shenon Roy P. Full 


M. G. SMERCHANSKI 
Mining 
Registered Professional Engineer 
Examinations, Geological Surveys 
& Development 


Winnipeg, Manitobo 
: 926323 


411 Childs 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


— 


STILL & STILL 
Consulting Mining Engineers and 
Geologists 


24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


H. L. TALBOT 
Consulting Metallurgical Engineer 
Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 
Room 330, 84 State Street 
Boston 9, Mass. 


F.C. TORK ELSON CO. 


En GOIinece rs 


Industrial Plant Design 


Process Development Estimotes 
Economic Studies Plant Layout 


146 South West Temple 
SALT LAKE CITY 1, UTAH 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


Michigan City, Indiana 


DIAMOND CORE DRILLING 
BY CONTRACT 


and werld’s largest 
and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Contract Core Drill Division 


KNOWLES ASSOCIATES 
Chemical - Metallurgical - Mechanical 
ENGINEERS 


URANIUM ORE PROCESSING 
ECONOMIC STUDIES - MILL DESIGN 


Frank M. Murphy & ae Inc. 
DESIGN & CONSTRUCTION 
ENGINEERS 


19 RECTOR ST. NEW YORK (6) N. Y. 


PENNSYLVANIA DRILLING 
COMPANY 
PITTSBURGH 90, PA. 


CONTRACTORS and 
MANUFACTURERS 


J. W. Woomer & ASSOCIATES 


Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bldg., Pittsburgh, Pa. 


WORLD MINING CONSULTANTS, 


INC. 
Consulting Mining Engineers 
and Geologists 


220 Broadway, New York 38, N. Y. 
Worth 2-2934 
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“mine Specializing in Concrete Lining of 
Tunnel, Hevlogeways and Shots i 
DRY Special Equipment for Subaqueous 
Photogeology 
| | [| 
We prospect coal and mineral land 
anywhere in North and South America. 
Core borings for foundation testing; ; 
dams, bridges, buildings, etc. 


Construction Machinery Div. 
Bert S. Gittins Adv., Inc. 


Allis-Chalmers Mfg. Co. % 


Industrial Equipment Div. 
Compton Adv. Inc. 


American Brattice Cloth Corp. % 
Tri-State Adv. Co., Inc. 


American Cyanamid Co. 324B, 324C 
James J. McMahon, Inc. 
American Manganese Steel Div. 
American Brake Shoe Co. us 
Fuller & Smith & Ross, Inc. 


American Mine Door Co., The ig 
Ray Sayre Adv. 

Anaconda Co., The 296 
Kenyon & Eckhardt, Inc. 

Armour & Co. “i 
Foote, Cone & Belding 

Athey Products Corp. a 


Thomson Adv., Inc. 


Atlas Copco Aktiebolag (Sweden) — 321, 323 
Intam Limited 
Bin-Dicator Co. ? 


Clark & Bobertz, Inc. 


Bolton Farm Packing Co., Inc. a 
Forristall & Brown Associates 


Boyles Bros. Drilling Co. 375 


& Associat 


Bucyrus-Erie Co. 303 
Bert S. Gittins Adv. 


Card Iron Works Co., C. S. 4 
Mosher, Reimer & Williamson Adv. 

Caterpillar Tractor Co. 306, 312, 313,328 
N. W. Ayer & Son, Inc. 

Chain Belt Co. 
The Buchen Co. 

Colorado Fuel & Iron Corp., The 309 


Doyle, Kitchen & McCormick, Inc. 


Colorado Iron Works Co. 
Walter L. Schump, Adv. 


Dart Truck Co. e 
Carl Lawson Adv. 


Deister Concentrator Co., Inc. 377 
Louis B. Wade, Inc. 


Denver Equipment Co. 
Galen E. Broyles Co., Inc. 


Detroit Diesel Engine Div. » 
Kudner Agency, Inc. 


Third Cover 


DeZurik Corp. 
The Stockinger Co. 


Dorr-Oliver Inc. 314 
Sutherland-Abbott Adv. 


Dow Chemical Co., e 
MacManus, John Inc. 


Dow Corning Corp. : 
Church and Guisewite Adv. Inc. 
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Allis-Chalmers Mfg. Co. 300 


Adverfisers Index 


Eagle Iron Works 
Tri-State Adv. Co., Inc. 

Eimco Corp., The 297,299 
Matsie Co. 

Equipment Engineers, Inc. 295 
Norton M. Jacobs Adv. 

Fate-Root-Heath Co., The 7 

Plymouth Locomotive Works Div. 

Howard Swink Adv. 

Flexible Steel Lacing Co. . 
Kreicker & Meloan, Inc. 

Gardner-Denver Co. 302 
The Buchen Co. 

Hardinge Co., Inc. 
Adams Associates, Inc. 

Harnischfeger Corp. e 
Fuller & Smith & Ross, Inc. 

Hercules Powder Co. (Explosives) > 
Fuller & Smith & Ross, Inc. 

Hoffman Bros. Drilling Co. seat 
Hewitt Adv. 

Hough Co., The Frank G. 


Ervin R. Abramson Adv. 


Houston Technical Labs. : 6 
B-M-R-T, Inc. 


Humphreys Investment Co. js 
Ed M. Hunter & Co. 


Ingersoll-Rand Co. 
Marsteller, Rickard, Gebhardt & Reed Inc. 


International Nickel Co., Inc. . 316 
Marschalk & Pratt 

Jeffrey Mfg. Co. 315 
The Griswold-Eshleman Co. 

Joy Mfg. Co. Eg 


W. S. Walker Adv. Inc. 


Kennametal Inc. - * 
Ketchum, MacLeod & Grove, Inc. 


Kennedy-Van Saun Mfg. & 


Engrg. Corp. 304, 305 
Rea, Fuller & Co., Inc. 
Le Roi Division 
Westinghouse Air Brake Co. 318 
Hoffman & York, Inc. 
LeTourneau-Westinghouse Co. 
Andrews Agency, Inc. 
Longyear Co., E. J. 301 
Savage-Lewis, Inc. 
Mayo Tunnel & Mine Equipment . 
The Godfrey Agency 
Metal Carbides Corp. . _ 298 


Meek and Thomas, Inc. 


Michigan Chemical Corp. te e 
Wesley Aves & Associates 


Mine & Smelter Supply Co. 
Walter L. Schump, Adv. 


* Previous Issues 


Mine Safety Appliances Co. Fourth Cover 
Ketchum, MacLeod & Grove, Inc. 


Nagle Pumps, Inc. .. 
Tri-State Adv. Co., Inc. 

Naylor Pipe Co. 
Fred H. Ebersold, Inc. 

Nordberg Mfg. Co. 308 
Russell T. Gray, Inc. 

Northern Blower Co. ° 
Carr Liggett Adv., Inc. 

Rogers Iron Works Co. . 
Carl Lawson Adv. Co. 

Rohm & Haas Co. ° 


Arndt, Preston, Chapin, Lamb 
& Keen, Inc. 


Sanford-Day Iron Works, Inc. 310, 311 
Charles S. Kane Co. 

Sauerman Bros. Inc. 
Symonds, MacKenzie & Co. 

Sharples Corp. 
Renner Advertisers 

Sheffield Steel Co. . 


Potts « Woodbury, Inc. 
Simplicity Engineering Co. 
Price, Tanner & Willox, Inc. 


Smidth & Co., F. L. ‘ ° 
The Stuart Co. 


Spencer Chemical Co. 


Bruce B. Brewer & Co. 


Sprague & Henwood, Inc. 
Anthracite Adv. 


Stearns-Roger Mfg. Co. 371 
Mosher, Rei & Willi Agency, 
Inc. 
Syntron Compeny 322 
Servad, Inc. 
Texas Gulf Sulphur Co. 9 


Sanger-Funnell, Inc. 


Texas Instruments Incorporated 
Don L. Baxter, Inc. 


Thor Power Tool Co. . 324 
Roche, Williams & Cleary, Inc. 

Traylor Engrg. & Mfg. Co. 324D 
The William B. Kamp Co. 

Tyler Co., W.. S. 375 

Western Machinery 
Boland Associates 

Wheel Trueing Tool Co. 
Clark & Bobertz, Inc. 

Wilfley & Sons, Inc., A. R.Second Cover 
Ed M. Hunter & Co. 

Wilkinson Rubber Linatex, Ltd. 320 


Greenlys Ltd. 


Winter-Weiss Co. 
Clair & Meyer 


Yuba Mfg. Co 
Geo. C. McNutt ‘Adv. 


Adamson, Buchman EEE es 


... increases value of each days 
production $159.60 


Denver Steel-Head Peripheral Discharge Red Mill 
grinds a minus %” fraction product to a fine sand and 
saves Carlsbad Transit Mix Cement Co. $1.60/ton 
over the purchase of fine sand. 

Original feed to plant consists of rock and sand 
from old stream bed. The maximum size of crusher 
feed is 6 inches. After subsequent sizing and crushing 
to specifications, the Denver Rod Mill grinds a minus 
%” product to fine sand for use in ready mix concrete. 

Previously the minus %” +- 10 mesh fraction was 
a waste product sold as fill for house construction. 
With the Denver Rod Mill this fract:on is now converted 
to a useable sand product. The increase in value of 
this feed to the Denver Rod Mill, taken out as sand, 
is now estimated at $1.60/ton, or $159.60 per day. 
Feed to the Denver Rod Mill is approximately 12T/HR. 
The plant operates at approximately 50T/HR. 

If you have a size or separation problem in 
meeting your aggregate requirements, consult us 
without cost or obligation. Perhaps we can help you 
solve your problem and increase profits. 


The firm that makes intends 
happier, hoatthion and weatthion 


—Sizes to 8’ x 20’ 


DENVER 


EQUIPMENT CO. 


1400 17th St. © Phone CHerry 4-4466 * Denver 17, Colo. 


DENVER, NEW YORK, CHICAGO, SALT LAKE CITY, 
VANCOUVER, TORONTO, MEXICO, D. F., LONDON, JOHANNESBURG 


Flow sheet shows installation of 4’ x 7’ Den- 


ver Rod Mill 
tion to fine 


which grinds minus ¥%” frac- 
sond at a saving of $1.60/T. 


Installs 4’ x 7’ Denver 
4 . 3 
4 
“4 
¢ 
‘ 
as 
2 DENVER-DILLON DENVER STEEL DENVER AUTOMATIC oenven i 


if this 
burns out 


eee this filament 
restores Full Light! 


Man-hour protection for working crews... 
the Edison R-4 double-filament bulb 


Working crews are assured greater underground 
safety, more productive man-hours because the 
Edison R-4 double-filament bulb is on the job. 

Miners equipped with this bulb know that 
burn-out doesn’t mean blackout. If one filament 
burns out, a turn of the switch transfers the power 
of the unfailing Edison battery to the second 
filament—continued, brilliant illumination is re- 
stored for the full shift. There’s no lost time for 


When you have a safety problem, M-S-A is at your service... 


our job is to help you 


the miner, or short crews for the foreman. There 
is only one bulb, located in the center of the 
headpiece, which gives the advantages of maxi- 
mum reflector area. 

This kind of reserve light protection means 
that hundreds of man-hours may be saved every 
year. The result is increased production with an 
added margin of safety. Our bulletin gives com- 
plete details. Write for your copy. 


Edison R-4 Cap Lamp... ideal 
for self-service 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenve, Pittsburgh 8, Pa. 
At Your Service: 77 Branch Offices in the United States and Mexico 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 
Toronto, Montreal, Calgary, Edmonton, Winnipeg, Vancouver, Sydney, N.S. 
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